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Digital Storybooks to Teach Children Computer Science and

Address Common Misconceptions

Thomas S. Deverin

(ABSTRACT)

CodeKids is a web-based platform developed to teach computational concepts to
elementary and middle school-aged children. The platform hosts many interactive
digital books that teach various computational concepts from bits and bytes to arti-
ficial intelligence using themes that children can easily relate to. This study focuses
on books created to address common misconceptions students form when learning
foundational computer science concepts including variables, conditions, and loops.
The primary objectives of this research are to evaluate the students’ perceptions of
the digital storybook format and compare the misconception rates of students who
used the storybooks to those from previous studies. A study was conducted at a local
middle school with 6th and 7th-grade students who used two of the books created
to target common variable misconceptions. Results revealed that students believed
the books were engaging, and their self-perceived knowledge of variables increased
after using the books. However, misconception rates remained comparable to prior
research, highlighting the challenges in addressing misconceptions. Additionally,

when students were asked to rank their prior programming language experience and



programming environments they have used, it was found that the students’ com-
puter science knowledge is behind the regional educational standards, emphasizing
the need for educational material like CodeKids to teach computer science to young
students. The findings suggest that while the storybook format used by CodeKids is
a promising medium to teach children computer science, more research needs to be

done to refine the design and develop tools that effectively address misconceptions.



Digital Storybooks to Teach Children Computer Science and

Address Common Misconceptions

Thomas S. Deverin

(GENERAL AUDIENCE ABSTRACT)

Computers play a large role in our daily lives, and it’s becoming increasingly im-
portant that younger students receive at least a foundational computer science ed-
ucation. CodeKids is an online platform designed to teach elementary and middle
school students the basics of computer science through interactive digital books.
These books use engaging stories and relatable examples to explain key ideas like
how computers store information, make decisions, and repeat tasks. This study
aims to see how children perceived the books and whether the books were effec-
tive at teaching concepts to children they typically misunderstand, such as variables
(which store information in a computer program). We partnered with a local middle
school STEM teacher who used two books in her 6th and 7th grade classes designed
to teach children variables and address common misunderstandings regarding vari-
ables. After using the books, students reported enjoying the books and believed
their understanding of variables improved. However, the results showed that many
of the misunderstandings the books aimed to address were still present. It was also
discovered that the children’s knowledge of computer science was below regional

educational expectations. These findings suggest that storybooks are a promising



format to teach children computer science, but more work is needed to ensure they
effectively prevent misunderstandings. This research can help improve how we teach
young students about computer science and make sure they develop a strong foun-

dation in the topic.
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Chapter 1

Introduction

1.1 Motivation

While research into computer science education in primary and middle school is
expanding, there are still many questions surrounding the proper methodologies to
use when teaching children these advanced topics at a young age. With computer
science growing as a discipline, it’s becoming more important for it to have the same
ubiquity in classrooms as subjects like math or science. Many U.S. states, including
Virginia, have adopted a standardized computer science learning curriculum for K-
12 students, but there is difficulty in meeting these standards for many schools for
various reasons, including a lack of teacher training, funding for resources, and limited
curriculum integration [10]. Tt is important to overcome these challenges as research
shows that teaching computer science to children as early as elementary school offers
many benefits, including developing problem-solving and critical-thinking skills [8].
Additionally, incorporating computer science education at the K-8 level can expose
more children from various demographics to computer science since courses in K-

8 education are typically taught to entire grade levels instead of being offered as



electives.

However, with the limited research into elementary computer science education, it
is still mostly unknown what approaches are effective at teaching computer science
to young students. One of the most popular strategies used is visual block-based
programming environments, such as Scratch. These environments are appealing and
generally accepted for introducing advanced computer science concepts to young stu-
dents. However, several studies show limitations regarding the cognitive understand-
ing of children related to topics such as variables and loops when using block-based
environments, and they can ignore the formation or even produce misconceptions
[1, 6,9, 15]. Our focus is to develop a medium of computer science education that is
effective at teaching children advanced computational concepts and dispels common
computer science misconceptions that elementary and middle school students often

form.

1.2 CodeKids

CodeKids is a website developed to teach elementary and middle school students
computer science through storybooks. The website is being continuously developed
and hosts storybooks for computer science subjects ranging from bits and bytes to
artificial intelligence. Currently, all books aimed at preventing and targeting mis-
conceptions are marked as “Advanced”. Meaning they are best for students in grades
five through middle school. Figure 1.1 displays some of the advanced books cur-

rently on CodeKids with the following specifically created to target misconceptions



of computer science concepts: Variables, Variable Data Types, Conditional Opera-
tors, Logical Operators, If Statements, Life of Moose, Flowcharts, For Loops, and
While Loops. More information about these books and the misconceptions they
target will be discussed in Chapter 4.

=il

Learn about Python Logical
Operators

V)
e :_
.,% 4% |
If Statements For Loops

Learn coding through the lfe
Learn about Python If Learn about Python for loops.
Statements
= 2
e ——————— S

operators

Flowcharts

e elofiMcose) Learn how to read flow charts ‘

of Moose ‘
t o \
L} L}

While Loops
Learn about Python While
loops

Figure 1.1: Collection of advanced computer science books available on the CodeKids
website.

Instead of focusing purely on programming, these books incorporate stories and
themes that children can relate to, fostering motivation and enjoyment while learning
computational concepts. They also use interactive elements such as Python Tutor to
visualize program execution step-by-step and questions to test their understanding
of the material. Figure 1.2 demonstrates these elements in the Life of Moose book.
Specifically, Sub-figure 1.2a shows the story elements depicting Moose’s life, and Sub-

figure 1.2b shows the interactive elements Python Tutor and question sets, which are



based on Moose’s story and test knowledge on computational concepts. All of the
books in CodeKids follow this structured design of having a relatable theme for

children and interactive elements created related to the theme.

1.3 Research Questions

This research focuses primarily on the CodeKids books that were created to target
and prevent common misconceptions children often form when learning computer
science. For this reason, the following research questions are used to guide this

study:

e Does the storybook format provide children with a good format to
learn computer science and improve their perceived self-knowledge

towards computational concepts?

e How do misconception rates among students who used the digital
books in CodeKids created to target misconceptions compare to
rates reported in prior research, and what factors could contribute

to any differences?



Introduction of Moose

& This is a picture of Moose, who was Virginia Tech's first
therapy dog and a remarkable being.

& Moose was born in New York and trained to be a guide dog
for the blind and eventually became a therapy dog.

&In October 2013, this intelligent Labrador Retriever joined
forces with Trent Davis who is an animal-assisted therapy
consultant.

& Moose began providing valuable services to the university
and surrounding community. Bringing comfort and support to
many.

(a) A story element in the Life of Moose book designed to engage and maintain the interest
of children.

Python 2.7 [unsupported] Print output (drag lower right corner to resiz
Moose Question 3/4

1 moose_name = 'Moose’ ©2/13/2012
2 print(moose_name) .
3 moose_birthday - '@2/13/2012' ") Press the next button again and

int(r i Frames . N
4 print(moose_birthday) notice moose_color is created and

=4 5 moose_color = “cream’ . . . N
& print(moose color) Globel frane contains the value 'cream’. What will be
:_ E—

7 moose_breed = ‘Labrador Retriever® S = printed?
% print(moose_breed) moose_birthday  "e2/13/2e12"

Edit Code & Get AI Help ‘cream’
line that just executed

= next line to execute

0 ) Correct! Press the next butten again to see
the value printed!
Step 5 of 8
s e _ -
D w0 If you get lost, press this button to jump to the correct line in Python Tutor!

Edit Code m’ Jump to line 5

(b) Interactive elements in the Life of Moose book, including Python Tutor and a question
set.

Figure 1.2: Interactive element from the Life of Moose book designed to teach chil-
dren about variables.



Chapter 2

Review of Literature

2.1 Current Forms of CS Education in Elementary

School

Block-based programming environments such as Scratch are widely used in elemen-
tary and middle school education to teach children programming. While these en-
vironments do have educational value, they tend to under-address or even at times
exacerbate issues of computer science education in an elementary setting. For ex-
ample, in a study comparing 10-11 year old students with one and a half years
of block-based programming experience with students without programming expe-
rience, it was found that the two groups of students committed a similar number
of syntax issues when writing text-based code [4]. This suggests that block-based
programming merely delays syntactic problems. Additionally, studies analyzing the
misconceptions regarding variables, conditionals, and loops formed by students often
use block-based programming environments, indicating the environments, at best,
don’t prevent misconceptions from forming and, at worst, cause their formation

[6, 15]. This is significant in the context of K-8 students since block-based envi-

6



ronments are commonly used to teach these students core computational concepts,
which may be contributing to the development of misconceptions. Variables, in par-
ticular, are a difficult concept for children to comprehend and make up the most
misconceptions listed in Section 2.3, both in the number of misconceptions and the
proportion of students who form them. Luo et al. [9] found fourth-grade students
using Scratch generally recognize variables as storage spaces for information, but

struggle to operate on them and initialize their own variables.

Text-based languages, while not as popular for K-8 computer science education as
block-based environments, are still used. Python, in particular, is known for being
a great introductory text-based language. Despite this, Saito et al. [12] in their
study with students aged 9-12 years old observed that students found Python to be
intimidating to learn, and when asked about their willingness to learn programming,
observed that student motivation to learn programming dropped slightly before and
after using a text-based language. Additionally, many misconceptions have been
observed in K-8 students learning from a text-based language as well. Zanko et al.
[19], whose study uses Python to teach 10-11-year-old students variables, observed
many misconceptions regarding the manipulation of variables, which will be discussed
more in Section 2.3. This indicates that preventing the formation of misconceptions
is not as simple as choosing text-based languages over block-based ones or vice versa.
Rather, a new medium for computer science education needs to be created to target

misconceptions.

Another form of computer science education is using Tangible User Interfaces (TUIs)

to teach programming concepts. TUIs in computer science education allow students



to create programs with tangible objects and have been observed to be enjoyable
for K-8 students to learn programming concepts from. Wang et al. [17] observed
that students 6-8 years old are able to find errors more easily and correctly describe
the actions of a program when presented with a TUI implementation. However, the
effects of using a TUI become less significant as children get older, suggesting TUIs
may be better suited for younger children [13]. Also, Merkouris and Chorianopou-
los [11] observed that when 12-13 year old students learned programming concepts
through the use of robotics first over computer-based programming, students only
showed a minor performance improvement on a post-exam targeting the computa-
tional concepts sequence, repeat, and if-then-else compared to students who used
Scratch first, suggesting that using robots as an introductory platform only has a
neutral effect on learning. Lastly, there isn’t any substantial research into how TUIs
can either cause or prevent misconceptions regarding computational concepts, such

as variables from forming.

2.2 Storybook Format

Storybooks provide a different approach to teach young students subjects and have
been used as a method to teach children mathematics. In a literature review by
Furner [3], it was found that using children’s literature to teach math helps the
subject feel less intimidating than traditional approaches and helps reduce anxi-
ety among students. Some of the additional benefits noted in the literature review

are advancing mathematical thinking, allowing for historical, cultural, and practi-



cal applications and connections, and lending itself to problem-solving and active
involvement from the context of a story. Because of the cognitive relation between
mathematics and computer science, it is likely that many of the advantages of using

children’s literature to teach mathematics are also applicable to computer science.

2.3 Misconceptions

This section lists the misconceptions found in previous studies. The misconceptions
are categorized into three broad computational concepts: variables, conditionals,
and loops. All misconceptions listed are from three studies that used either the
programming languages Scratch or Python: Swidan et al. [15] who used Scratch
with 7-17 year old students (mean age is 11 years old), Zanko et al. [19] who used
Python with 10-11 year old students, and Grover and Basu [6] who used Scratch

with 6th-8th grade students (specific age not specified).

2.3.1 Variable Misconceptions

From the studies reviewed, variables make up the most frequent misconceptions
children form. The following is a list of variable misconceptions from Zanko et al.

[19] and Swidan et al. [15]:

1. A variable is not stored in computer memory.

Swidan et al. [15] found that 33.3% students believed variables were not stored



in computer memory. Instead, they believed variables were either not stored

anywhere or only visible on the screen.

. Assigning the expression instead of the calculated value.

a=a+ 1

print(a)

Students believe the literal expression “a + 17 is assigned to the variable a.
Zanko et al. [19] claim this misconception to be the most common for text-
based programming and observed 21.94% of students held this misconception.
Swidan et al. [15] also recorded this misconception in their study using Scratch,

where 25.4% students held the misconception.

. A variable can hold multiple values.

num = 5
num = 10

print (num)

Here, the student believes the variable num can hold many values and will
say “b 10”7 is printed instead of “10”. This was the second most common
misconception Swidan et al. [15] observed in their study using Scratch, with

42.9% of students holding this misconception.

. When reassigning the variable’s value, it assigns the sum of the previous and

new values.




2 x = 10

3 print (x)

In this case, the student believes reassigning a variable has the effect of adding
to its current value. In the example above, the student believes “15” is printed

instead of “10”. Zanko et al. [19] found 18.8% of students held this misconcep-

tion.

5. Variables assignment works in opposite directions.

1 numl = 5

2 num?2 = 10

3 numl = num?2

4 print (numl, num?2)

Here the student believes numi and num?2 will swap values, so the program
will print “10 5” instead of “10 10”. This misconception was found by Swidan

et al. [15] who observed that 3.9% students held this misconception.

6. The natural-language semantics of a variable’s name affects the values assigned

to it.
1 big__number = 50
2 small number = 10
3 big_number = small_number
4 print (big_number, small number)

In this case, the student incorrectly believes that big number cannot be as-

signed the value of 10 due to the semantic meaning of the variable’s name.



7.

8.

9.

1
2

3

They believe either “50 10” or “50 0” will be printed. Swidan et al. [15] ob-

served 20.6% of students held this misconception.

Using the symbolic name of the variable instead of its value.

first = 100
second = 1

print (first , second)

Here, the student believes that when a variable is present in a print statement,
the variable’s name will be printed instead of its value. In the example above,
the student believes “first second” is printed instead of the variables’ values.

Zanko et al. [19] found 7.14% of students held this misconception.

Data type mistake where students will print the value of a variable instead of

a string that happens to be a variable’s name.

number = 100

print (‘number’)

Similar to the previous misconception, except this time the student doesn’t
recognize that the value in the print statement is the string data type. The
student believes “100” is printed instead of “number”. Zanko et al. [19] found

33.68% held this misconception.

Using the first (or previously) assigned variable value.

numl = 10
num2 = 5

num?2 = numl




10.

11.

print (numl, num?2)

In this case, the student doesn’t understand that code executes sequentially
and doesn’t recognize that the value of a variable is changing. Zanko et al. [19]
believes this problem occurs mostly when a variable is reassigned to something
that isn’t a number. In the example above, num2 isn’t reassigned to a number
but is instead reassigned to the variable numi. The student believes "10 5”
will be printed instead of “10 10”. Zanko et al. [19] observed that 18.88% of

students held this misconception.

Difficulty understanding the sequential execution of code.

numl = 0
num2 = 0
total = numl + num?2
numl = 5
num?2 = 10

print (total)

Similar to the previous misconception, the student doesn’t understand that
code executes sequentially and believes the program above will print “15” in-
stead of “0”. They ignore the fact that num1 and num?2 are both 0 when total is
assigned, and instead use the values of num1 and num?2 after total is assigned.
Swidan et al. [15] observed this to be the most frequent misconception in their

study, with 56.2% of students holding it.

Swapping variables




1 numl = 5

2 num?2 = 10

3 num3 = numl
4 numl = num?
5 num2 = numj

For this misconception, Zanko et al. [19] found that students ignore the creation
of the variable num3 and that variable swapping would happen simultaneously

instead of sequentially. They found 13.01% of students held this misconception.

2.3.2 Conditional Misconceptions

Conditional misconceptions are far fewer in studies. It’s possible that children are
less likely to form misconceptions around this computational concept, or there isn’t
enough research investigating the misconceptions for this particular concept. Swidan
et al. [15] noted this, stating that misconceptions related to control statements were

the least common in their study.

1. False condition ends a program if there is no else.

1 x =1

2 if x = 2:

3 print (‘True’)
4 print (‘False )

Here the student believes nothing is printed because there is no else branch.



Swidan et al. [15] observed 7.4% of students held this misconception.

2. OR operator evaluates to false when both operands are true. Here, the stu-
dent believes the OR operator works like the XOR, operator, so the expression
True or True would evaluate to false instead of true. Grover and Basu [6]

observed that 6.5% of students held this misconception.

2.3.3 Loop Misconceptions

Loops are another concept that children often form misconceptions about. The study
from Grover and Basu [6] focuses primarily on identifying student misconceptions

regarding loops and Swidan et al. [15] also observes several loop misconceptions.

1. Adjacent code executes when a loop is running.

1 number = 0

2 for x in range(5):

3 number = number + 1
4 print (counter)

Here, the student believes the print statement, which is adjacent to the loop,
is part of the loop. A student with this misconception will claim “1 2 3 4 5”
will be printed instead of “5”. Swidan et al. [15] found 33.3% of students held

this misconception.

2. A loop terminates as soon as the condition becomes false instead of continuing

until the condition is checked again.



4.

1

x =1
while x < 3:
x =x + 1

print (x)

In this case, the student believes that as soon as x becomes three, the loop
will terminate without finishing its current execution. Therefore, the student
believes only “2” is printed instead of “2 3”. Swidan et al. [15] observed that

10.5% of students held this misconception.

Instead of executing the loop in sequence several times, the student believes

each line of code is executed on its own.

for x in range(3):
print (7 Start”)
print (”Stop”)

print (?Done”)

Grover and Basu [6] described this misconception as the “grouping error”,
where students group each line of code and execute each line the number of
times the loop will execute instead of executing the code sequentially. In the
example above, the student would claim the code prints “Start Start Start Stop
Stop Stop Done”. Grover and Basu [6] observed that 8% of students held this

misconception.

The number of times a loop repeats using preassigned variables.

numberOfTimes = 3




count = 0

for x in range(numberOfTimes) :
count = count + 2
print (count)

print (?Last ” + str(count))

For this misconception, students either add or miss an iteration of the loop
when using a preassigned variable. In the example above, the student would
say the program prints either “2 4 6 8 Last 8” or “2 4 Last 4”. The correct
answer is “2 4 6 Last 6”. Grover and Basu [6] observed 7.8% of students added
an iteration and 3.9% missed an iteration. They also noted that only two-thirds
of students understood that the value of count changes while numberOfTimes
does not. It’s also important to note that it’s not an issue where a student
may not understand how Python’s range function works (like it is used in the

example above) because Grover and Basu [6] used Scratch in their study.




Chapter 3

Methodology

3.1 Creation of CodeKids

CodeKids was created to be an educational website to teach children computer sci-
ence. The primary target audience are elementary and middle school students with
books categorized by “Beginner”, “Intermediate”, and “Advanced” levels. It con-
tains books that cover a wide breadth of computer science topics from foundational
computational concepts such as variables to more advanced ideas related to artificial
intelligence. In general, “Beginner” books are intended for kindergarten to 2nd grade,
“Intermediate” books are intended for 3rd to 4th grade, and “Advanced” books are

intended for 5th to 8th grade, with some expected overlap between levels.

The website was built using the React JavaScript library for the front-end and Python
libraries, including Fast API and Uvicorn for the back-end. Additionally, the Prisma
ORM was used to create a schema defining models for the PostgreSQL database.
Users can create student or teacher accounts, and interaction data is recorded in the

database to be used for future research.

Creating a book in CodeKids is a multi-step process that Figure 3.1 outlines. The
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first step is to review the K-12 computer science learning standards to identify the
key learning outcomes for students in specific grades. The document outlines in
great detail the computer science intended learning outcomes for students starting in
kindergarten [16]. Next, we determine themes that are relatable to children and could
effectively convey computational concepts to children while also meeting the learning
standards. The books are then designed in Figma [7] and then implemented into the
CodeKids website. Once implemented, the books are reviewed by K-8 teachers, and
suggestions they make are used to inform design improvements. Lastly, students use
the books and provide survey feedback, which we use to further improve the books.
This iterative process ensures that CodeKids books are usable in classrooms and

enjoyable for young students.

Standards

Pinpoint themes

relatable to
children.

Design books in

questions.

website.

Have a K-8

feedback.

Analyze relevant to core - . - Implement books . Have students
o ! Figma including ! teacher review
Virginia's K-12 computational . using React and use the books
cs L . i d their content, denloy t the books and d d
earning concepts an activities, and eploy to provide and provide

feedback.

i |

Figure 3.1: Chart illustrating the key steps in making a book for CodeKids.

3.1.1 Alignment with the State Computer Science Curricu-

lum

Because these books are meant to be used in a formal classroom environment, the
content of the books must align with the computer science curriculum of K-8 schools.

We referenced the Computer Science Standards of Learning for Virginia Public



Schools, which outlines the standards of computer science learning for students in

kindergarten through eighth grade in Virginia [16].

All of the books created for this study were specifically designed to align with learn-
ing standards for children in the fifth to seventh grades. In sixth grade, particularly,
the standards dictate that students should begin to use text-based programming
languages and are expected to “implement algorithms that include conditional con-
trol structures and collection of numeric data” and “read and write programs that
initialize Boolean, integer, and decimal number variables” [16]. Additionally, in the
seventh grade, students are expected to “read and write programs that contain nested

conditionals and nested loops” [16].

With that said, not all of our books align with the standards. For example, some
artificial intelligence books were designed for lower grade levels, despite artificial
intelligence not showing up until 6th grade in the learning standards. We made
this decision so that the content of our website isn’t completely constrained by the
learning standards, and children using the website outside class could learn a concept

they might be interested in.

3.1.2 Design of the Books

All books are designed with a story or theme in mind to help make the content more
relatable for children and make advanced computational concepts less daunting. For
example, the Life of Moose book tells the story of Virginia Tech’s late therapy dog

Moose, and themes from other books include farm animals, football scores, and



restaurant food menus. All of which have questions and Python Tutor examples

that use code related to these themes.

After conceptualization of the books, we used Figma to create the design of different
pages of the books, including their computer science content and interactive elements.
Figma was chosen due to its robustness as a high-fidelity wireframing tool. This
approach allowed us to rapidly make design decisions and iterations of the designs
before programming the content onto the main website. Figure 3.2 showcases some
of these designs for the Variables book. Descriptions of the concepts students are
learning are on the right page of the book, while images and interactive elements are
on the left side. Creating prototypes like this helped visualize the user experience

before taking the time to implement the books on the website.

3.1.3 Teacher and Student Review

Once the books were implemented, a K-8 teacher reviewed each of the books and
provided feedback on its content. It is important to get the opinion of a teacher
on the books, since a teacher would have a deeper understanding than researchers
of how students will interact with and perceive educational material. The reviewer
gave suggestions on various aspects of the books, including the visuals, vocabulary,
and exercises. They also noted where each book aligned with the computer science

learning standards. Any recommended changes were promptly implemented.

After the books were used in the classroom, students completed surveys to share

their opinions on the books. The survey included questions asking students what



Variables are places where you can store data. When you see a variable in code, the name of

the variable will always to the left of the '=".
YYou can think about a variable as a ‘box’, and

you can name it. Everything to the right of the '=" is what you

are setting as the variables value.
Suppose we name it therapy_dog, then this

'box’ can store data related to therapy dog.
let's use Epcot as an example. (Epcot s
Virginia Tech's newest therapy dog).

The box is to the left of the '=" and what you
want to put in the box is to the right of the '=".

For this example, the code will be:
So, the variable is therapy_dog, and the data therapy_dog = ‘Epcot’

will be ‘Epcot’.

#1n Python, you can't have spaces in variable
names, so you have to use underscores ‘'
instead. So in this example we use
therapy_dog instead of therapy dog. #

therapy_dog = ‘Epcot’

Let’s use the football game for another

This page will focus on Integers and Booleans.
e A very important concept to understand while

We always read the code from top to bottom. Sihatcachiline fiom

The line numbers have been provided. top to bottom.

(Leftmost column of numbers)

Recall:
Integer - this is any whole number like 9

What s correct integer value of the following? § R
) R Boolean - Logical value indicating True or False
Hokies_score = This means every line's execution is

1 Syracuse_score = 10 dependent on the lines above it.
Hokies_score = 38

g"(’)fﬁ':&"; ;:':5";%”"’9 - Syracuse_score Think of each line as it's own step with the very

Syracusnsoure - 22 beginning line being step 1.

print(different) —>

e I o o For example 2 < 4 is True because 2 is less

canwn

What is the variable ‘win’ evaluated to? Each step will be executed one after another

until the program is over.
Syracuse_score = 10

win = Hokles_score > Syracuse_score

What is printed when print(tota) is called at the end?

15 0 28 1
False 22 10 True

Figure 3.2: Figma prototypes of pages in the CodeKids book Variables.

they thought of the books’ activities and how difficult they thought the books were.
Students responded to these types of questions on a 1-5 scale and had the option to

explain their responses. This data is also used to inform book redesign.

3.1.4 Book Editor

A feature is currently being implemented to allow teachers to create their own books.

This feature is still early in its development, but the tool is designed to offer pre-



defined components that enable teachers to create custom books tailored to their
students’ learning needs. This feature has also helped us streamline the process of

implementing and publishing books once they have been designed in Figma.

Figure 3.3 shows the book editor in its current form and its key functionalities. At
the top is a drop-down menu where a component can be selected. In this case, the
component “Image Question” is selected, which allows someone to create a question
with an image to accompany it. There are various other components to choose from,
including “tutor”, “Image”, and “Fill In The Blank”. Once a component is selected,
the user can configure the aspects of the component in the editor. The editor uses
a form input by default for users to enter details for the component, and users can
switch to a JSON view as well. To the left in the book editor is an area to manage
pages in the book. Pages can be added, deleted, and moved using the accompanied
buttons. Users can also see a preview of the book and change its details, such as the
title and blurb. To the right is an area where the text of the page is written. Lastly,

the bottom gives a preview of the component and how it will look in the book.

While functional, the book editor has limitations that need to be fixed before ad-
vertising the feature to teachers. For one, the form input could still be daunting to
use for some inexperienced users. To accommodate this, help icons should be im-
plemented for each component to help new users learn how to use each component.
Secondly, a lot of components are “single-use” components, meaning they only work
for a specific page in a specific book. This is a relic of the previous way books were
created, where each page was programmed in React. Work will be done to convert

these pages to use more generalized components like the “Image Question” compo-
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Figure 3.3: Book editor interface for creating custom books in CodeKids.

nent. Lastly, there is no save button, and any changes are immediately sent to the
database. This is not user-friendly since a user may want to discard changes they

have made.

3.2 Classroom Instruction

To best represent a real classroom environment, the books were given to a STEM
teacher at a local middle school. The teacher used the books during their regular
classroom instruction and was aware of the misconceptions the books were created

to address. The students taught were in the sixth and seventh grades, with the



children’s ages ranging from 11 to 14 years old. The students received instruction
during normal class time for two weeks. The IRB approval letter can be referenced

in Appendix C.

3.3 Examination

After using the books, the teacher administered a paper-based multiple-choice and
matching examination of the material in the books. This exam was administered
after the two weeks of instruction at the end of November 2024. The examination
contained questions targeting the misconceptions in the books and additional general
knowledge questions. The questions were designed by the author and follow similar
themes to the questions present in the Codekids’ books. Before administration, the
teacher was encouraged to provide feedback or suggestions about the exam, but no
feedback was given. A total of 115 students took the exam in the 6th and 7th grades.

The exam can be referenced in Appendix A.

An important aspect to note is that the exam wasn’t graded in a traditional way.
The teacher notified us that they are unable to assign grades on the traditional A-F
scale and can only give their students a passing or failing mark that is dependent only
on their completion of the exam. This limitation is discussed further in Chapter 6

as it could have affected the students’ motivation to perform well on the exam.

After the exams were received from the teacher, the results were recorded in an Excel

spreadsheet for statistical analysis. Since this study compares the proportion of



students who answered the misconception questions in our study with other studies,
a two-proportion z-test was conducted on each question targeting a misconception.
This test was appropriate since the sample size is large enough to assume normality
and each observation is independent. A statistically significant result would indicate
that the percentage of students who chose the misconception answer option was
either significantly higher or lower compared to previous studies. In cases where
students left a question blank or left multiple answers, their responses were excluded

from the analysis for that particular question.

Lastly, an independent samples t-test was conducted to determine if there was a sig-
nificant difference in exam scores between the 6th and 7th grade students. The test
compared the mean scores of both groups to observe if any difference is statistically
significant. Python was used to conduct this test and create visualizations. Assump-
tions of normality and homogeneity of variance were checked using the Shapiro-Wilk

test and Levene’s test, respectively.

3.4 Survey

After using the Variables and Variable Data Types books, the students were given a
survey to take. This survey was completed online using Google Forms. The survey
gathered general information about the students, such as their previous programming
experience, interest in programming, and their opinion of the books. Specifically,
they were asked whether they enjoyed the activities in the books and if they believed

that the tools utilized in the books helped them learn the material. Lastly, they



were asked to rate their perceived knowledge of the subject before and after using

the books.

Results from the survey were exported to an Excel spreadsheet, where visualizations
were created for each question. Additionally, statistical analysis in Python was con-
ducted to examine potential correlations between the students’ age groups and the
questions asked. Based on the distribution of ages, students were grouped into three
age groups: 11, 12, and 13-14 years old. Since the survey data consists of ordinal cat-
egorical data, the Spearman correlation test was used because it is a non-parametric
test that measures the strength and direction of relationships between ranked vari-
ables. Meaning, it could be determined if older or younger students were more likely

to exhibit a certain characteristic, such as having more programming experience.

Lastly, statistical analysis was done in Python to determine if students’ perceived
knowledge of variables increased significantly. This was done by calculating the
difference of each student’s post and prior perceived knowledge and performing a
Wilcoxon Signed-Rank test. This test was chosen because the data is non-parametric
and represents paired ordinal responses, making it more appropriate for analyzing

changes in ranked perceptions.



Chapter 4

Digital Books

To teach elementary and middle school students computer science concepts, several
digital storybooks were created on the CodeKids website. The books discussed in this
chapter were created not only to teach the computational concepts of variables, con-
ditionals, and loops, but also to target many of the misconceptions from Section 2.3.
After giving an overview of the material, the students are given both questions to

test their understanding and Python Tutor examples for them to click through.

Each book is typically 10-15 pages long and is meant to be completed by students in
one or two class sessions. The book utilizes themes such as football scores, restaurant
menus, and farm animals to help make learning computer science more relatable
and less abstract to the students. As mentioned by Furner [3] in his literature
review, using such themes can help young students form cultural applications and
connections while also lending itself to problem-solving through the context of a

story.

In this chapter, any reference to students and the proportion of those who held a

misconception comes from any of the following samples from previous literature:

1. Swidan et al. [15] - students aged 7-17 years (mean age 11) who used Scratch.
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2. Zanko et al. [19] - students aged 10-11 years who used Python.

3. Grover and Basu [6] - students in the 6th-8th grade who used Scratch.

4.1 Variables Books

Variables constitute many of the misconceptions elementary students form, as vari-
ables are a complex concept for children to learn. Children generally understand
them as storage spaces but struggle to operate on them and modify code to ma-
nipulate them [9]. The following books were created to directly target the variable

misconceptions listed in Subsection 2.3.1.

4.1.1 Variables

The Variables book introduces students to the general concept of variables in pro-
gramming. The content of the book covers essential knowledge regarding variables,
including what they are, how they store values, and how to use them in code. How-
ever, instead of merely describing facts about variables in computer science, the book
uses themes and imagery that the children can relate to as well as interactive ele-
ments. Examples of these can be seen in the sub-figures of Figure 4.1. The rest
of the books described in the chapter use a similar style, though themes may vary

between books and topics.

Figure 4.1 showcases several examples of the themes, imagery, and interactive ele-



ments in the Variables book. Sub-figure 4.1a uses the therapy dog Epcot to teach
students that variables act as storage spaces. Sub-figure 4.1b shows Virginia Tech’s
anniversary being used to demonstrate how variables are assigned values. Sub-
figure 4.1c uses football scores to demonstrate variable assignment and the sequen-
tial execution of code. Lastly, sub-figure 4.1d shows the usage of Python Tutor to

demonstrate variable assignment in Python.

Table 4.1 lists out all the misconceptions present in this book. Each misconception
is paired with specific examples from the book designed to address the student’s

misunderstanding.



—
therapy _dog
therapy_dog ‘Epcot’

What is printed when this program runs?

147 147
Ayear has passed! Ayear has passed!
therapy_dog 148 147

Incorrect. anniversary is being set to it's previous value + 1 (anniversary + 1). Not the expression itself.

anniversary = 147
print(anniversary)

print("A year has passed!")
anniversary = anniversary + 1
print(anniversary)

therapy_dog = ‘Epcot’

(a) Virginia Tech’s therapy dog Epcot is used (b) Virginia Tech’s anniversary is used to
to show variables as storage spaces. demonstrate variable assignment.

We always read the code from top to bottom. The line numbers have been provided. (Yellow column).

1 syracuse_score = 10

2 hokies_score = 38 i ot
3 different = hokies_score - syracuse_score s

4 hokies_score = 23

5 Frames Objects
6

syracuse_score = 22
print(different)

therapy_dog “epcot”
year 2023
What is printed when print(different) is called at the end?

EDREDRAEDN

Incorrect. Read the code from top to bottom. Notice different is assigned before hokies_score is
reassigned to 23 and syracuse_score is reassigned to 22. What s different assigned to? Try againt

Visualized with pythantutorcom

(c) Virginia Tech’s football score is used to (d) Python Tutor used to teach variable
show that code is executed sequentially. assignment.

Figure 4.1: The Variables book uses themes relatable to children and interactive
elements such as Python Tutor and questions to learn about variables.



Table 4.1: Misconceptions targeted in the Variables book.

Misconception| Misconception | Misconception Example Discussion
Type
A variable is | Variable - number = 10 The student

not stored in
the computer
memory or is
just a visual
on the
screen.

the student
doesn’t know
a variable is
stored in the
computer’s
memory.

Where is the variable number
stored?

Student Answer: Swidan et al.

[15] noted common answers
were “Variable is not stored
anywhere” and “Variable is
only visible on the screen”.
Correct Answer: “In the
computer’s memory.”

believes the
variable is either
not stored in the
system’s memory
at all or is just
part of the display.
The given book
example explicitly
tells students that
variables are
stored in the
computer’s
memory.

Swidan et al. [15]

observed 33.3% of
students held this
misconception.

L

f

therapy_dog

& Where is the variable therapy_dog stored.

e

Book Example

& Variables are places where you can store data. A
variable itself is stored inside the computer's

memory.

& You can think about a variable as a 'Box' with a

name.

& Suppose we name a box "therapy_dog", then
this 'box' can store data related to therapy dog.

& Lets use Epcot as an example. Epcot is Virginia
Tech's newest therapy dog!

& The variable's name is therapy_dog, and the

The
computer's
memory.

computer's

The ‘
monitor.

The
computer's
keyboard

It's not stored
anywhere

& Correct. Variables are stored inside of a computer's memory!

data will be 'Epcot'.

& In Python, you can't have spaces in variable
names. We use underscores instead like in
therapy_dog.




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example Discussion

Type
Assigning an | Variable a =10 The student thinks
expression Assignment |a=a+ 1 that the expression
instead of a | - the student | print(x) is assigned to the
value to a misunder- variable instead of
variable. stands what Student Answer: “a + 17 the solution to the

is assigned to
a variable
when the
assignment is
an expression.

Correct Answer: “117

expression. The
book example uses
Virginia Tech’s
anniversary and
adds 1 to its value.

Swidan et al. [15]
found 25.4% and
Zanko et al. [19]
found 21.94% of
students hold this
misconception.

Book Example

anniversary = 147
print(anniversary)

print("A year has passed!")
anniversary = anniversary + 1
print(anniversary)

& What is printed when this program runs?

147
A year has passed!
148

147
A year has passed!
anniversary + 1

& We can also use a variable's old value to assign itself a new

147
A year has passed!
147

value.

&lIncorrect. anniversary is being set to it's previous value + 1 (anniversary + 1). Not the expression itself.

& In this example, we are reassigning anniversary to be it's old
value plus 1.

& Read through the code and answer the question!




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example Discussion
Type
A variable Variable - num = 5 The student
can hold the student num = 1 believes a variable
multiple doesn’t print(num) can hold many
values. understand values instead of
that a Student Answer: “5 1”7 just one. The book

variable can
hold only one
value at a
time.

Correct Answer: “17

example reassigns
the variable
anniversary and
asks students the
variable’s value.

Swidan et al. [15]
found 42.9% of
students hold this
misconception.

anniversary = 147

print("A year has passed!"

anniversary = 148
print(anniversary

Book Example

& What is printed when this program runs?

passed!

A year has
147

A year has
passed!
147 148

A year has

passed!
148

& Incorrect. A variable is not able to hold multiple values. Try again!

&lt's also important to know that variables can
hold only one value at a time!

& Meaning that when a variable is reassigned,
its old value is lost.




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example Discussion
Type
Summation Variable Xx=25 The student
of a Assignment | x = 10 thinks reassigning
variable’s - the student | print(x) a variable will sum
value when doesn’t the variable’s old
it’s understand Student Answer: “15” value with the new
reassigned. how variable | Correct Answer: “10” value. The book’s
reassignment example reassigns
works. anniversary and

asks what the new
value is. Python
Tutor is also used
to show variable
reassignment.

25% of students
hold this
misconception [19].

Book Examples

anniversary = 147
print(anniversary)
print("A year has passed!")
anniversary = 148
print(anniversary)

& Variables can be assigned different values throughout

& What is printed when this program runs?

147 147 147
A year has passed! A year has passed! A year has passed!
148 147 295

& Incorrect. Assigning a variable a new value DOES NOT add it with the old value. The variable is simply assigned the new
value. Try again!

a program.

& When a variable that already has a value is assigned a

new value, the old value is lost.

& Think of your age as a variable. If you are 8 years old
now, on your birthday your old age will be lost and your

new age will be 9!

& Try out the examples and exercises.




Table 4.1: Misconceptions targeted in the

Variables book

Misconception| Misconception | Misconception Example
Type

Discussion

Python 2.7 [unsupported] Print output (drag lower right cor
10
# Here, number is initially assigned to 10 20

number = 10
print(number)

Frames Objects

# Here, number is reassigned to 20
number = 20

Global frame
number |20
# Since number was reassigned, the first value of 10 is lost

# and number is now 20
print(number)

Edit Code & Get AI Help

line that just executed
= next line to execute

[<Prev]| Next>
Done running (4 steps)

Visualized with pythontutor.com

& Remember that when a variable that already stores a value is
reassigned, the old value is lost.

& Run through the code to the left to see this!

& The variable number is created on line two and assigned the
value 10. It is then reassigned on line 6.

Variable Variable numl =5

The student

assignment Assignment | num2 = 10 believes that
works in - the student | numl = num?2 variable
opposite believes the print(num1, num?2) assignment will
directions. variable to work in the
right of the Student Answer: “10 5” opposite direction
“="gsign can | Correct Answer: “10 10” and swap the
also be values of the two
assigned. variables. The
book example uses
Python Tutor to
show an example.
3.9% of students
hold this
misconception [19].
Book Examples
et :

second = 1

# Here, first is reassigned to the value of second. Frames Objects
first = second Global frame
first 1

# What do think will be printed?
print(first) second 1
print(second)

Edit Code & Get Al Help

line that just executed
=P next line to execute

<Prev

S Here is another example of variable assignment.

& Walk through the program and notice how first is
reassigned to the value of second.

& What do you think will be printed at the end of the
program?




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example Discussion

Type
Natural- Variable big = 50 The student
language Assignment | small = 10 believes the
semantics of | - the student | big = small variable small
a variable believes a print(big, small) should be the
affects the variable’s smaller value 10,
variable’s name affects | Student Answer: “50 10” or incorrectly
value. what can be “50 07 inferring the value

assigned to it. | Correct Answer: “10 10”

based on the
variable’s name.
The book example
shows the variable
therapy__dog can
be assigned a
number.

Up to 20.6% of
students hold this
misconception [19)].

Book Example

& Which way of assigning a variable named therapy_dog is incorrect?

( therapy_dog = 'Epcot’ > ( therapy_dog = 83 ) ( 'Epcot' = therapy_dog )

& This is a correct way to assign the variable therapy_dog. Remember, a variable's name has no effect of what's assigned to it. In this
case, therapy_dog will simply be assigned to 83. Try again!

& Remember, the variable name is always to
the left of the '=' sign and the value is to the
right.

S Also remember that a variable name is just a
name and has no effect on the data that is
assigned to it.

& For example, a program doesn't care if you
assign big = 1 and small = 100. Even though
small contains a bigger value than big.




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example Discussion
Type
Using the Code numl = 10 The student
first or Sequence - num2 = 5 thinks a variable
previously the student num?2 = numl will retain the
assigned doesn’t print(numl, num2) value it’s first
value of a understand assigned to. They
variable. that code is Student Answer: “10 5” don’t understand
sequential Correct Answer: “10 10” that code runs
and ignores a sequentially.
variable Zanko et al. [19]
reassignment. also believes this

stems from a
variable being
assigned
something other
than a number
(e.g. another
variable). The
book example uses
Python Tutor to
show the variable
first has changed
when printed.

Up to 28.5% of
students hold this
misconception [19].

Book Example




Table 4.1: Misconceptions targeted in the Variables book

Misconception

Misconception
Type

Misconception Example

Discussion

Python 2.7 [unsupported]

first = 100
second = 1

# Here, first is reassigned to the value of second.

first = second

# What do think will be printed?
print(first)
print(second)

Edit Code & Get Al Help

line that just executed
=> next line to execute

<Prev |

Print output (drag lower right corner to resize)

1
1

Frames Objects

Global frame

first |1

second 1

S Here is another example of variable assignment.

& Walk through the program and notice how first is
reassigned to the value of second.

& What do you think will be printed at the end of the
program?




Table 4.1: Misconceptions targeted in the Variables book

Misconception

Misconception
Type

Misconception Example

Discussion

Code doesn’t
execute
sequentially.

Code
Sequence -
the student
doesn’t
understand
that code
execution is
sequential
and assigns
the variable
to the sum of
proceeding
variables.

numl = 0

num?2 = 0

total = numl + num?2
numl = 5

num?2 = 10
print(total)

Student Answer: “15”
Correct Answer: “0”

The student
doesn’t recognize
that code is
executed
sequentially and
thinks total will be
assigned to the
sum of numl and
num?2 after their
reassigned. The
book example uses
football scores to
calculate the
difference in scores
and Python Tutor
to show a similar
example.

Swidan et al. [15]
found this to be
the most common
misconception at
56.2%. Zanko

et al. [19] also
found sequencing
mistakes to be a
common
misconception.

Book Examples




Table 4.1: Misconceptions targeted in the Variables book

Misconception| Misconception | Misconception Example
Type

Discussion

w Virginia Tech Hokies football

Syracuse Orange Virgiria Tech Hokies

We always read the code from top to bottom. The line numbers have been provided. (Yellow column).

syracuse_score = 10

hokies_score = 38

different = hokies_score - syracuse_score
hokies_score = 23

syracuse_score = 22

print(different)

[S )N, I UV SR

What is printed when print(different) is called at the end?

EDREDREDN

Incorrect. Read the code from top to bottom. Netice different is assigned before hokies_score is reassigned to 23 and
syracuse_score is reassigned to 22. What is different assigned to? Try again!

python 2.7 [unsupported] Print output (drsg lower right comner to resize
o

first - @

second = @

#ilhat is total set to here? Frames Objects

total = first + second e —

5
#first and second are reassigned afti (iR
first = 5 second |10
second = 10 total |0

# total is still printed as 0.
print (total)

Edit Code & Get Al Help

line that just executed
= next line to execute

Done running (6 steps)

Visualized with pythontutor.com

Let's use this football game’s score to
answer the next question!

A very important concept to understand
while programming is that each line is
executed from top to bottom.

This means every line's execution is
dependent on the lines above it.

Think of each line as its own step with
the very beginning line being step 1.

Each step will be executed one after
another until the program is over.

Click through the code to the left and think about how
the code is executed from top to bottom.

Even though first is reassigned to 5 and second is
reassigned to 10, total was calculated beforehand.




4.1.2 Variable Data Types

The Variable Data Types book introduces children to the idea of variables storing
different kinds of data. The book teaches children three fundamental data types:
integers, booleans, and strings. Figure 4.2 shows an example of one of the book
pages teaching children about the different data types. Specifically, it demonstrates
integers using a jersey number, strings using a therapy dog’s name, and booleans
by showing that a variable sky is blue would be true. These familiar, real-world

examples are meant to help children grasp the idea of these different data types.

The Variable name jersey_number is of type Integer
jersey_number = 25

The variables greeting, days_of week, and therapy_dog are Strings.
You can tell they are strings because they are surrounded by double or single quotation marks.

greeting = “Hello"
days_of_week = "7

therapy_dog = Fpcot’ It's important to know what type of value a variable has.

We'll learn about 3 data types for now.

1. Integer - this is any whole number like 9. (Once we get into decimals, it is no longer an
integer data type)

The variable sky_is_blue is a Boolean

2. String - this is text like "Hello". (Anything surrounded by quotes, " *)
sky_is_blue = True True 3. Boolean - this is a logical value indicating True or False. (ONLY has these two values)

S 0O F?kf We will look closer at these data types in the following pages

Figure 4.2: A page from the Variable Data Types book teaching children about
integers, strings, and booleans using relatable themes to including sports jerseys,
dogs, and weather conditions.

This book addresses two misconceptions, both of which are related to one another
and can be referenced in Table 4.2. The first misconception is when a student fails
to recognize the difference between a string value and a variable that happens to
have the same name as that string. The second misconception is the opposite, and

is when students mistake a variable name in a print statement to be a string.



Table 4.2: Misconceptions targeted in the Variables Data Types book.

Misconception | Misconception | Misconception Example Discussion
Type
Printing a Data Type - | number = 100 The student

string that
happens to be
a variable
name prints
the variable’s
value.

the student
doesn’t notice
the difference
between a
variable and
a string with
the same
name.

print(“number”)

Student Answer: “100”
Correct Answer: “number”

doesn’t recognize
that the value
inside the print
statement is a
string, and not
the variable with
the same name.
The book
example explicitly
targets this and
color codes the
string to help
students notice
it’s different from
the variable. The
Python Tutor
example
encourages
students to pay
close attention to
what is in the
print statement.

Zanko et al. [19]
observed 33.68%
of students held
this
misconception.

Book Examples




Table 4.2: Misconceptions targeted in the Variables Data Types book.

Misconception

Type

Misconception

Misconception Example

Discussion

anniversary = 147

print("A year has passed!")
anniversary_2 = 148"
print('anniversary_2')

SWhat is printed during this program?

A year has passed!
anniversary_2

A year has passed!
"ag"

) (

& Incorrect. Pay close attention to what's in the final

Python 2.7 [unsupported]
virginia_tech_age = 151
# Pay close attention to what's in the print statement

# Is it actually the variable virginia_tech_age?
print("virginia_tech_age")

Edit Code & Get AT Help

line that just executed
= next line to execute

[<Prev] [Next>

Done running (2 steps)

Visualized with pythontutor.com

print statement. Try again!

Print output (drag lower right corner to resize)

virginia_tech_age
: Frames

Global frame

virginia_tech_age | 151

Objects

& Take a moment to think about his question.
& Pay close attention to what's in the print at the end.

& Remember that anything surrounded by single or double
quotation marks are Strings.

& Look that the code to the left.
& Pay close attention to what is actually in the print statement.
& What will be printed at the end of the program?

S At first, you may think it will be 151 since that is the value of
virginia_tech_age.

& However, notice that what is actually inside the print
statement is the String "virginia_tech_age".

& So, the String value "virginia_tech_age" is actually in the
print statement, not the variable virginia_tech_age.




Table 4.2: Misconceptions targeted in the Variables Data Types book.

Misconception | Misconception | Misconception Example Discussion
Type
Using the Variable - first = 1 The student
variable’s the student second = 100 thinks printing a
symbolic doesn’t print(first, second) variable will print
name instead | understand the variable
of its value. that printing | Student Answer: “first second” | name. This may
a variable Correct Answer: “1 100” be because they
prints its view the variable
value. name as a String.
The book
Data Type - example has an
the student incorrect answer
thinks the that prints the
variable name name of the
in a print variable
statement is a therapy__dog _left.
string.
Zanko et al. [19]
found 7.14% of
students held this
misconception.

Book Example

therapy_dog_left = "Derek”
therapy_dog_middle = 'Epcot’
therapy_dog_right = "Josie”
print(therapy_dog_left)

What is printed at the end of this program?

not included.

When a String is printed, the quotation marks are

- C ose ) C e )

Incorrect. therapy_dog_left is a variable. The print statement will print the value of the variable.

So, print("Hello") will print Hello.




4.1.3 Life of Moose

Life of Moose is a book that tells the story of Moose, a Virginia Tech therapy dog.
This book is slightly different from the others as it doesn’t teach children new con-
cepts. Instead, this book reinforces previously learned material by requiring students
to answer questions that target the variable misconceptions from both the Variables
and Variable Data Types books. While reading the book, children use Python Tu-
tor to click through code and answer questions about Moose’s life. Table 4.3 shows

examples of questions in the book that target various variable misconceptions.

& Moose becomes a Doctor of Veterinary Medicine!

python 2.7 [unsupported] Print output (crag lower right corner to esize) &In 2020, Moose got a very special award.
= | year = 2019
moose_title = 'Mr.'
print('A year has passed!')
year = 2020
moose_title = 'Dr."'
print(year)
print(moose_title)

‘ & He was awarded an honorary Doctor of Veterinary Medicine
for being such a good boy!

Frames Objects

Edit Code & Get Al Help

S Take a look at the code! What do you think will printed at the end?

Figure 4.3: A page in the Life of Moose book using Python Tutor to showcase
important events in Moose’s life.

Figure 4.3 presents an example of one of the pages in the Life of Moose book. There
are sections that describe moments of Moose’s life that are followed by question sets

using Python Tutor for students to answer, which can be seen in Table 4.3.



Table 4.3: Misconceptions targeted in the Life of Moose book.

Misconception

Misconception Example

Assigning an
expression to
a variable
instead of a
value.

Python 2.7 [unsupported]
moose_birth = 2012
milestone_year = 2019
= moose_age = milestone_year - moose
print(moose_age)
Edit Code & Get Al Help

fine that just executed
=+ next lne to execute

[<Prev] (Next>
Step 3 of 4

Visualized with pythontutor.com

rint output (drag lower right comer to resize)

Frames Objects
Global frame

moose_birth 2012
milestone_year 2019

Question 2/4

& Press the next button twice and watch moose_birth and
milestone_year be created. What will moose_age be
assigned to when it's created.

&incorrect. The program is evaluating (milestone-year - moose-
birth) and setting that as the value of moose_age.

Next Question -> \

D (Crmome )

& If you get lost, press this button to jump to the correct line in Python Tutor!

Python 2.7 [unsupported]
moose_birth = 2012
milestone_year = 2019
moose_age = milestone_year - moose
print (moose_age)

Edit Code 8 Get Al Help

fine that just executed
= next lne to execute

<Prev] Next>

Done running (4 steps)

Visualized with pythontutor.com

Python 2.7 [unsupported]

moose_birth = 2012

passed_away = 2020

moose_age = passed_away - moose_bi
= 4 print(moose_age)

moose_started = 2014

years_worked = passed_away - moose

print(years_worked)

Edit Code & Get Al Help

tine that just executed
= next Ine to execute

<prev] [Next>
Step 4.of 7

Visualized with pythontutor.com

print output (drag lower right corer to resize)

7

Frames Objects
Global frame

moose_birth 2012
milestone_year 2019

moose_age 7

Print output (drag lower right comer to resize)

Frames Objects
Global frame

moose_birth | 2012

passed_away 2020

moose_age 8

Question 3/4

& What will be printed at the end of the program?

-'m

&Incorrect. Remember moose_age is being set to what (milestone_year -
moose_birth) evaluates to. Try again!

& If you get lost, press this button to jump to the correct line in Python Tutor!

Question 1/4

& Click the next button twice until the red arrow is on line

3. What will moose_age be assigned to?

&Incorrect. moose_age will be assigned to what (passed_away -
moose_birth) evaluates to. Click next to see this!

« Previous Question

& If you get lost, press this button to jump to the correct line in Python Tutor!

P
k Next Question - D
— 4

N
Next Question >
4




Table 4.3: List of misconceptions targeted in the Life of Moose book.

Misconception

Misconception Example

Summation
of a
variable’s
value when
it’s
reassigned.

Python 2.7 [unsupported]

year = 2019
moose_title = ‘Mr.'

year = 2020
=5 moose_title = 'Dr."
print(year)
print(moose_title)
Edit Code & Get Al Help

tine that just executed
=5 next Ine to execute

<Prev] [Next>
Step 5of 7

Visualized with pythontutor.com

Python 2.7 [unsupported]

year = 2019
moose_title = ‘Mr.'

year = 2020
— 5 moose_title = 'Dr."
print(year)
print (moose_title)
Edit Code & Get Al Help

fine that ust executed
= next lne to execute

[<Prev] (Next>
Step 5 of 7

Visualized with pythontutor.com

Python 2.7 [unsupported]

year = 2019
moose_title = ‘Mr.'

year = 2020
moose_title = 'Dr.’
print(year)
= 7 print(moose_title)
Edit Code & Get Al Help

fine that just executed
=+ next lne to execute

[<Prev] [Next>
Step 7 of 7

Visualized with pythontutor.com

print('A year has passed!’)

print('A year has passed!’)

print(‘A year has passed!')

Print output (drag lower right comer to resize)
A year has passed!

Frames Objects

Global frame
year 2020

moose._title "Mr.

Print output (drag lower right comer o resize)
A year has passed!

Frames Objects
Global frame
year 2020
moose_title | "Hr."

Print output (drag lower right comer to resize)
A year has passed!
2020

Frames Objects
Global frame
year 2020

moose_title "Dr."

& Press the next button until the red arrow is on line 4.

Question 1/4

What will year be reassigned to?

&ncorrect. Remember that when a variable is reassigned, it loses
it's old value. Click next again and watch as year is changed to
20.

—_—
C < Previous Question
— 4

& If you get lost, press this button to jump to the correct line in Python Tutor!

Question 2/4

_—
Next Question >
- 4

& With the red arrow on line 5, what will moose_title be

reassigned to?

&lncorrect. Remember that when a variable is reassigned, it loses
it's old value. Click next again and watch as moose_title is changed

to'Dr!

Next Question -

& If you get lost, press this button to jump to the correct line in Python Tutor!

Question 3/4

& What will be printed when line 6 is executed?

&lIncorrect. Remember year was reassigned before and lost it's old
value. Hint: Look at the Global frame section. Try again!

( Next Question > )
K lext Question )

&If you get lost, press this button to jump to the correct line in Python Tutor!

Using the
first or
previously
assigned
value of a
variable.

Python 2.7 [unsupported]

year = 2019
moose_title = Mr.'

year = 2020
moose_title = ‘.’
=& print(year)
print (moose_title)
Edit Code & Get Al Help

line that just executed
=+ next Ine to execute

<Prev| [Next>
Step 6 of 7

Visualized with pythontutor.com

print(‘A year has passed!')

Print output (crag lower right corner o resize)

A year has passed!

Frames Objects
Global frame
year 2020

moose_title | “Dr."

Question 3/4

& What will be printed when line 6 is executed?

Incorrect. What is year assigned to at this point in the program?
Hint: Look at the Global frame section. Try again!

(N Question >
< 4

& If you get lost, press this button to jump to the correct line in Python Tutor!




Table 4.3: List of misconceptions targeted in the Life of Moose book.

Misconception| Misconception Example

Python 2.7 [unsupported) Prin output (crag lower right comer to resize)

8 Question 3/4
moose_birth = 2012
passed_away = 2020 N —— " " S .
moose_age - passed_away - moose_birth & Click next until the red arrow is on line 6. What will
print (noose_age) Frames Objects years_worked be evaluated to?
moose_started = 2014

Global frame

years_worked = passed_away - moose_started o 2012
= 7 print(years_worked) oosetbity
2020
it Code & Get AL Help e
Youtho st executnd moose_age 8 ncorrect. years_worked will be assigned to what (passed_away -
=+ nextne tn execute

moose_started 2014 moose_started) evaluates to.
years_worked 6

G
<Prev] (Nest> — X o fueston -4
Step 7 of 7

Visualized with pythontutor.com

& If you get lost, press this button to jump to the correct line in Python Tutor!

Code doesn’t
execute
sequentially.

-
python 2.7 [unsupported] Prin outpu (0rag lower igh comer o reize)
Moose. Question 1/4
moose_name = 'Moose’
print(moose_name) " .
= 3 moose_birthday = '2/13/2012' B onecs . & Press the next button once and notice moose_name is
print(moose_birthday) remes e created and contains the value "Moose". What will be
moose_color = ‘cream’ Global frame printed?
print(moose_color)

moose_name | “Moose”
moose_breed = 'Labrador Retriever' -

print(acose breed) -
dit Code & Get Al Help
et ot s ncorrect. Remember that moose_name is variable which has a
value. print() will print out that value.

<prev] [Next>

.

- —
Step30f 8 « Previous Question D ( Next Question
Visualized with pythontutor.com

& If you get lost, press this button to jump to the correct line in Python Tutor!

Using the

. , python 2.7 (onsupported) ot oot (6rog lower gt comerto esze)
02/13/2012 Question 4/4
variable’s oo e nan
Sorador Retriever
. :;;::i:?:i:;:;mf) ‘e2/13/2012" - & Press the next button again and notice moose_breed is
Symb OhC print (moose_birthday) frames objects created and contains the value 'Labrador Retriever' What
moose_color = 'cream'

Global frame

. print (moose_color) o will be printed?
name instead e gor Retrsevers | Tovsename “ose

e iax oanse_oreet o sty /1372012 wonsorruvons ) ()
Of ltS Value Edit Code & Get AL Help PIERERELET [EE
. “Labrador Retriever® i vari .
= o o s e (RS oo R A R VT, ncorrect. Remember that moose_breed is variable which has a
value. print() will print out that value.
<Prov] Next>

Done ruming (8 steps) -
Visualized with pythontutor.com

& If you get lost, press this button to jump to the correct line in Python Tutor!

Final Question

A

Python 2.7 [unsupported] Print output (draglowerright comer o resize)
7 Question 4/4
moose_birth = 2012
milestone_year = 2019 P i int(" "
moose_age = milestone_year - moose . & What if print(moose_age) was changed to print("moose_age")?
print(moose_age) Frames Objects What would be printed then? You can also make the change if you
Edit Code & Get Al Help Global frame

press the "Edit Code" button!
ne that st executed e [
= next e o xecite

milestone_year 2019

= milestone_year 7
moose_age 7 - moose_birth
(<Prev) Next>
Done running (4 steps)

Visualized with pythontutor.com

& Correct! print("moose_age") will print the literal string "moose_age", not the
variable!

« DY
K Final Question
J

& If you get lost, press this button to jump to the correct line in Python Tutor!




4.2 Conditionals Books

These books are made to introduce children to the various aspects of conditional
control flow in programming. Misconceptions related to conditionals are fewer than
those from variables. For this reason, there are fewer examples of questions tar-
geting misconceptions in the following books than in the variable books. In fact,
the Conditional Operators and Flowcharts books don’t address any misconceptions.
Regardless, these books are still necessary for the children’s fundamental under-
standing of conditionals and how they can be used to control the flow of execution
in a program. This is because foundational computer science structures, such as if
statements and loops, often use conditional and logical operators to control the flow

of a program’s execution.

4.2.1 Conditional Operators

The Conditional Operators book teaches children about the three primary condi-

tional operators:

1. Equal to (==)
2. Less than (<)

3. Greater than (>)

Although this book doesn’t contain any misconceptions from the previous literature,

it is vital for the children’s future understanding of if-statements and loops since



both of these structures often use conditional operators to make decisions.

This book uses three of the current Virginia Tech therapy dogs (Derek, Wagner,
and Josie) and their attributes to teach children about conditional operators and
how they evaluate to true or false. Figure 4.4 shows a page from the Conditional
Operators book that uses the fur color to demonstrate the “equal to (==)” operator
and how it will evaluate to false when comparing the fur color of two dogs with

different colors.

derek_color = 'cream’
wagner_color = 'black’

josie_color = ‘cream’ & Remember "==" checks if two values are equal.
derek_color == wagner_color = False

& Test your knowledge about conditional operators!

& What does derek_color == wagner_color evaluate to?

& Correct! 'black' is not equal to 'cream'.

Figure 4.4: A page from the Conditional Operators book that uses Virginia Tech’s
therapy dogs to teach children the “equal to” operator.

Python Tutor is also used to show real code examples of conditional operators. Fig-
ure 4.5 shows the usage of the “equal to (==)” operator in Python to compare the
values of two variables. In this example, the variable’s values are the fur colors of
the therapy dogs, and two print statements are used to showcase when the “equal

to” operator evaluates to true and false.



Python 2.7 [unsupported] Print output (drag lower right corner to resize)
False
derek_color = 'cream’ True
wagner_color = ‘black’
)

josie_color = 'cream'

Frames Objects
print(derek_color == wagner_color) |ciopal frame

print(derek_color == josie_color)
derek_color *cream"

Edit Code & Get Al Help v .
wagner_color | "black

ine that just executed

josie_color | "cream"

= next line to execute
S Here is an example using '==" to check if two values are
[<Prev] [Next> equal.
Done running (5 steps)
Visualized with pythontutor.com & Run through the code and pay attention to what gets printed
on lines 5 and 6.

S derek_color is NOT equal to wager_color so False is printed.

Suderek_color is equal to josie_color so True is Printed.

Figure 4.5: A page from the Conditional Operators book that uses Python Tutor to
demonstrate conditional operators in code.

4.2.2 Logical Operators

After learning about conditional operators, the Logical Operators book teaches chil-
dren how to combine several conditions using logical operators. The three logical

operators taught in this book are:

1. AND operator
2. OR operator

3. NOT operator

Like the Conditional Operators book, this book features Virginia Tech’s three therapy
dogs to help engage students and present the content in a familiar and accessible way
compared to more abstract examples. Figure 4.6 shows an example from the book
where the therapy dogs are used to teach children about the OR operator. The

example uses the dogs’ fur colors and the OR operator to determine if at least one

of the dogs has a specific fur color.



& Use the code snippet below to answer the question.
derek_color = 'cream’
wagner_color = 'black’
josie_color = 'cream’

S OR Operator & For the or operator, at least one value must be True.
& Simply ask "are either of these true?" & Simply ask "is at least one of these True"?

(derek_color == 'cream’) or (wagner_color == ‘cream’) = True & True or True = True. True or False = True. False or

( ) ( ) False = False
True False

N2<5or3<5=True

& Correct! Because derek_color is equal to cream, it doesn't matter that wagner_color is not equal to cream. OR only cares
that one of them is True.

&5==40r5==5=True
&65==40r5==6=False

Figure 4.6: A page from the Logical Operators book that uses Virginia Tech’s therapy
dogs and their hair color to teach children the OR operator.

Python Tutor is used as well, with Figure 4.7 showing how conditional and logical
operators can be combined to solve complex logical expressions. Again, variables are
used whose values are the dogs’ fur colors to demonstrate the AND, OR, and NOT

operators.

Python 2.7 [unsupported] Frames Objects

derek_color = 'cream'
wagner_color = 'black’

Global frame

derek_color | "cream”

josie_color = 'crean’
‘wagner_color | "black"
derek_and_josie = (derek_color == 'cream') and (josie_color == 'cream') josie_color | "cream"
derek_and_josie | True
derek_and_wagner = (derek_color == 'cream') or (wagner_color == 'cream') o EL e [
derek_opposite = not(derek_color == ‘cream') derek_opposite | False

& Run through the code to see logical operators in action and
Edit Code & Get Al Help pay attention to what each variable is assigned!
line that just executed
= next line to execute &On line 5, both derek_color and josie_color are 'cream’, so
using 'and' will evaluate to True.

[<Prev] [Next> & On line 7, derek_color is cream but wagner_color is NOT

Done running (6 steps) cream. However, it is using 'or' so it will evaluate to True.

Visualized with pythontutor.com

&On line 9, derek_color is cream and we are using 'not'. So, it
will evaluate to False.

Figure 4.7: A page in the Logical Operators book that uses Python Tutor to demon-
strate conditional and logical operators in code.

The children were also introduced to truth tables in this book. Figure 4.8 shows the
page in the book that teaches them Truth tables. They are taught the truth tables
for the AND, OR, and NOT operators.



and Truth Table
P Q PandQ
TRUE | TRUE | TRUE
TRUE | FALSE | FALSE
FALSE | TRUE | FALSE
FALSE | FALSE | FALSE
or Truth Table
P Q PorQ
TRUE | TRUE | TRUE
TRUE | FALSE | TRUE
FALSE | TRUE | TRUE
FALSE | FALSE | FALSE
not Truth Table
P not P
TRUE | FALSE
FALSE | TRUE

& A format that is used often when working with logic
are Truth Tables.

& Here are the Truth Tables for the "and", "or", "not"
logical operators.

& Given two conditions P and Q, you can quickly figure
out what the result will be in any situation.

& For example, for the "and" Truth Table, you can see
both P and Q need to be True to get True.

& Meanwhile, for the "or" Truth Table, only P or Q need
to be True to get True.

Figure 4.8: A page in the Logical Operators book that teaches children how to read
and use truth tables.

The misconception this book targets is the belief that the OR operator acts like

the XOR operator. Meaning, students believe that when two conditions are true

and are compared with the OR operator, the result is false. This misconception is

clarified through both the truth tables and a Python Tutor example, as can be seen

in Table 4.4.



Misconception

Misconception
Type

Misconception Example

Discussion

OR operator | Logical x = True The student

doesn’t Operators - | y = True thinks the OR

evaluate to the student if xory: logical operator

True when misunder- print(“True”) evaluates to false

both values stands how else: when both

are True. the OR print(“False”) conditions are

(Like XOR) operator True.

works. Student Answer: “False”
Correct Answer: “True” Grover and Basu
6] found that
6.5% of students
held this
misconception.
Book Example

false = False

True
True
False

print(true and true) False
print(true and false)

True

print(true or true)

print(true or false)

Global

print(false or false)

true

print(not true) false
print(not false)

Edit Code & Get AI Help

<Prev] [Next>

Done running (9 steps)

Visualized with pythontutor.com

and Truth Table
P Q PandQ
TRUE | TRUE [ TRUE
TRUE | FALSE | FALSE
FALSE | TRUE | FALSE
FALSE | FALSE | FALSE

or Truth Table
P Q PorQ
TRUE TRUE | TRUE
TRUE | FALSE [ TRUE
FALSE | TRUE | TRUE
FALSE | FALSE | FALSE

not Truth Table

P notP
TRUE | FALSE
FALSE | TRUE

Frames Objects

prem— & Run through the code to see logical operators in action!
WD SLines 4 and 5 are using 'and". Notice that only line 4 prints
s True and line 5 prints False. This is because for 'and’, both

values must be True.

&Line 7-9 are using 'or'. Notice that lines 7 and 8 print True
while line 9 prints False. This is because only one value needs

to be True.

s Lastly, lines 11 and 12 are using 'not'. Line 11 prints False
because the opposite of True is False. Line 12 prints True
because the opposite of False is True.

& A format that is used often when working with logic

are Truth Tables.

& Here are the Truth Tables for the "and", "or", "not"
logical operators.

& Given two conditions P and Q, you can quickly figure
out what the result will be in any situation.

& For example, for the "and" Truth Table, you can see
both P and Q need to be True to get True.

& Meanwhile, for the "or" Truth Table, only P or Q need
to be True to get True.

Table 4.4: Or operator misconception targeted in the Logical Operators book.




4.2.3 Flowcharts

The Flowcharts book introduces children to flowcharts and is intended to familiarize
them with the concept of program control flow before learning about if-statements.
To make the concept more engaging, the book utilizes a food menu shown in Fig-
ure 4.9. The food menu features foods children enjoy and their prices, which are

incorporated in flowcharts to determine whether a food item can be bought.

K?DS 0 50i:®
MENU ... @

: LASAGNE .......3.C
False J*' SPAGHET ‘
a,ei

Pizza
PEPPERONI ....11.00 @
print("Sorry, you don't have e Burger

SE=TSY
enough money to buy a yummy @ BACON & BEEF ....5.00
donut.”)

‘ print("Yes, you can buy a donut!") ‘

Eh Q; ﬂ_m CAKE ....3.00

Figure 4.9: The food menu with prices used in the Flowcharts book to teach children
flowcharts and how conditions can be used to control what code is executed.

The book also includes question sets and code snippets that build a flowchart as the
“Next” button is pressed. Figure 4.10 shows an example of a code snippet and how a
flowchart is built as the student progresses through the code. Sub-figure 4.10a shows
the flowchart as it is partially built, and Sub-figure 4.10b shows the flowchart once

it is fully built after the student has advanced through the code.



SLet's run through the code and see how it relates to the flowchart!

& The flowchart will be constructed as you go through the code.

S my_money is less than pepperoni_price, so we'll follow the False arrow.
my_money =7

pepperoni_price = 11 AM?TM!B
peppeconi_price =

salad_price = 8 salad_price = 8
burger_price =5
if my_money >= pepperoni_price:
print("Great! You can buy a pepperoni pizza!")
elif my_money >= salad_price:
print("Great! You have enough money to buy a healthy green salad!")
elif my_money >= burger_price:
print("Great! You can buy a delicious bacon & beef burger!")
else:
print("Sadly, you don't have enough money to buy, whether it's a pepperoni pizza
or a green salad or a burger.")

print("Great! You can
buy a pepperoni
pizzal)

# End of program

Back Next \/

(a) A partially built flowchart is displayed as the student begins executing the code.

SLet's run through the code and see how it relates to the flowchart!

& The flowchart will be constructed as you go through the code.

S my_money is greater than burger_price, so we'll follow the True arrow!
my_money =7

pepperoni_price = 11 m =7

{ pepperoni price = 11

salad_price =8 | salad price =8

burger_price =5

if my_money >= pepperoni_price: ,/\
print("Great! You can buy a pepperoni pizza!") P o Faise
elif my_money >= salad_price: \Q&\l:namnljl!fﬂ/ /v\\

print("Great! You have enough money to buy a healthy green salad!")
elif my_money >= burger_price:
print("Great! You can buy a delicious bacon & beef burger!") print("Great! You can
buy a pepperoni
else: pizzal’)
print("Sadly, you don't have enough money to buy, whether it's a pepperoni pizza
or a green salad or a burger.") althy green saladl”) | (* 0 int(Great! You can

buy a delicious bacon
& beef burgerl”)

True

int("Great! You have

# End of program

/ Back t} Next

(b) The full flowchart is displayed once the student reaches the end of the if-else block.

Figure 4.10: A flowchart in the Flowcharts book is built as the “Next” Button is
pressed.

This book does not directly target any misconceptions, but it teaches students that
programs can be controlled. This knowledge is fundamental for the final condi-

tional book where students combine what they’ve learned so far to learn about



if-statements.

4.2.4 If Statements

The If Statements book combines everything the students learned in the Conditional
Operators, Logical Operators, and Flowcharts books to teach them how to use if
statements to control a program’s flow of execution. While the Flowcharts book
uses if statements in its flowchart examples, this book formally introduces the
concept and uses code examples to show its usage in text-based programming. Like
previous books, this book uses Virginia Tech’s therapy dogs and includes interactive
examples using both Python Tutor and multiple-choice questions. Figure 4.11 shows
a page from the If Statements book that uses the Virginia Tech therapy Derek to

ask a question about an if-else block.

The common if statements misconception targeted in this book is students believ-
ing that the program will terminate immediately if a condition is false and there is

no else branch. More details about this misconception can be referenced in Table 4.5.



& What is printed in the program?

derek_is_happy = True
if derek_is_happy:
print("True")
else:
print("False")

BEl

& Notice that only the print("True") is part of the If-statement. The print("False") is part of the else.

Nothing
True will
False be

printed.

& Correct! derek_is_happy is True so everything indented under the If-statement will be
executed and the else will be skipped.

Figure 4.11: A page from the If Statements book using Virginia Tech’s therapy dog
Derek to teach students about the else block.



Misconception | Misconception | Misconception Example Discussion
Type
False Condition - | x=1 The student
condition the student if x == thinks that when
ends the believes a print(“True”) the if-condition
program if false fails with a False
there’s no condition print(“False”) condition, the
else. stops the program will end.
entire Student Answer: Nothing is The book
program printed. example contains
Correct Answer: “False” an if-statement
Sequence - that will evaluate

the student
believes the
sequential
execution of
code stops on
a false
condition.

to false without
an else block.

Swidan et al. [15]
found that 7.4%
of students hold
this
misconception.

Book Example

& What is printed in the program below?

anniversary = 148
if anniversary == 200:
print("True")

print("False")

True
False

S Incorrect. A program will continue to execute even if a If-statement's condition is False. Also, the final print is not indented, so

it's not part of the If-statement. Try again!

& The yellow highlight has been removed from the
If-statements, so it's up to you now to notice the
indents!

& Try out the exercise to the left!

Table 4.5: If Statement misconception targeted in the If Statements book.




4.3 Loops Books

These books introduce students to loops in programming. Due to loops being an
advanced concept, there are many misconceptions related to them. To make the
learning more engaging for young students, these books use a farm theme and incor-
porate activities like riding a pony and feeding goats to teach children the behavior

of loops.

This topic was split into two books to teach the two most common types of loops in

programming: for and while loops.

4.3.1 For Loops

The For Loops book introduces children to the concept of loops in general, focusing
specifically on for loops. Students build upon their previous knowledge about
programming control flow to learn how to execute pieces of code multiple times

using the “counting loop” (for loops).

As previously mentioned, this book uses farm-themed examples such as feeding goats
a specific number of cups of food and riding three laps on a pony. The book also
uses flowcharts and dynamically highlights pieces of the flowchart depending on the
step they are on in the loop. Figure 4.12 shows an example from the book where
the specific part of the flowchart is highlighted depending on the current step and

iteration of the for loops.

This book targets several loop misconceptions related to for loops, which can be



# lap_number is currently O

#Each time you
complete a lap, it
will print
‘Completed a lap of
pony riding!"

for lap_number in range(0, 3):
print("Completed a lap of pony riding!") T

— ~
FalH for lap_number in range(0,3): >
~ -

~ _—
— -

#End of program T

e lap_number + 1

‘print("Completed a lap of pony riding!") }—‘
Back Next ¢

&lap_number is in range(0, 3). So, the True arrow will be followed.

Figure 4.12: An example of a for loop in the For Loops book that uses a flowchart
to demonstrate the flow of execution.

seen in Table 4.6. Common misconceptions include believing code adjacent to the

loop executes as part of the loop, misunderstanding that loops execute sequentially,

and adding or missing iterations of a loop.



Table 4.6: Misconceptions targeted in the For Loops book.

Misconception | Misconception | Misconception Example Discussion
Type
Adjacent Loop Scope | number = 0 In the book

code executes
when the loop
Is running.

- the student
believes code
directly after
the loop
executes with
the loop.

for x in range(5):
number = number + 1
print(number)

Student Answer: “1 234 5”7 is
printed.

Correct Answer: “5” is
printed.

example, the
student doesn’t
recognize that the
print statement is
outside of the
loop control
structure and will
only execute once
the loop is
finished.

Swidan et al. [15]
observed that
33.3% of students
held this

misconception.

Book Example

goats_fed = 0

for xin range(0, 3
goats_fed = goats_fed + 1

print(goats_fed

& What will be printed when this code executes?

&lIncorrect. Notice how print(goats_fed) is not within the loop. Try again!




Table 4.6: Misconceptions targeted in the Variables Data Types book..

Misconception | Misconception | Misconception Example Discussion
Type
The code Code for x in range(3): The student
inside a loop | Sequence - print(“Start”) thinks each line of
isn’t executed | the student print(“Stop”) code in a loop is
sequentially doesn’t grouped instead
but is instead | understand Student Answer: “Start Start | of executing
grouped. that the code | Start Stop Stop Stop Done” sequentially. The
executes Correct Answer: “Start Stop book example
sequentially Start Stop Start Stop Done” uses the laps of a
in the loop. race to target

this.

Grover and Basu
[6] observed that
8% of students
held this
misconception.

1
2
&
4
5

Book Example

print('Go!")
for lap in range(1, 4):

print('Starting lap ' + str(lap) +'")

print('Ending lap ' + str(lap) + '!')

print('Race finished!')

& What is printed when this code executes?

Go!
Starting Lap 1!
Ending Lap 1!
Starting Lap 2!
Ending Lap 2!
Starting Lap 3!
Ending Lap 3!
Starting Lap 4!
Ending Lap 4!
Race Finished!

—

Go!
Starting Lap 1!
Ending Lap 1!
Starting Lap 2!
Ending Lap 2!
Starting Lap 3!
Ending Lap 3!
Race Finished!

-

&lIncorrect. The code inside the loop executes segenitally. Once the end of the loop is reached, the program will start again at

the top of the loop. Try again!




Table 4.6: Misconceptions targeted in the Variables Data Types book..

Misconception | Misconception | Misconception Example Discussion

Type
The student Loops - times = 3 The student
either misses | student count = 0 doesn’t
or adds an incorrectly for x in range(times) understand how
extra determines count = count + 2 many times a loop
iteration of the number of print(count) will execute given
the loop iterations a print(“Last:” 4 str(count)) a preassigned
when using a | loop will variable. The
preassigned have. book example has
variable. Student Answer: “2 4 Last: 4”7 | students

or “2 4 8 Last: 8”
Correct Answer: “2 4 6 Last:
67’

determine how
many times a
goat will be fed.

Grover and Basu
6] found that
7.8% of students
added a count
and 3.9% of
students missed a
count.

N O 00 A W N

Fed 1 goat(s)!
Fed 2 goat(s)!

Fed 3 goat(s)!
We fed 3 goats!

Book Example

goats_to_feed = 3
fed_goats =0
for cup_number in range(0, goats_to_feed):

fed_goats = fed_goats + 1
print("Fed " + str(fed_goats) + " goat(s)!")

print("We fed " + str(fed_goats) + " goats!")

& What will be printed this code runs?

Fed 1 goat(s)!
Fed 2 goat(s)!
Fed 3 goat(s)!
Fed 4 goat(s)!
We fed 4 goats!

&Incorrect. goats_to_feed is 3, so range(0, goats_to_feed) will give [0, 1, 2]. This means the loop will execute 3 times.




4.3.2 While Loops

The While Loops book introduces children to while loops and continues with the
farm theme from the For Loops book. The examples in this book are similar to those
in the For Loops book, but they now use while loops. This book also uses more of
their prior knowledge about conditional control flow, as while loops rely directly

on conditions to determine whether to continue executing or not.

This book targets one misconception where children believe a while loop will stop
executing as soon as the condition becomes false. More information on this miscon-

ception can be seen in Table 4.7.



Misconception | Misconception | Misconception Example Discussion
Type
A while loop | Code x=1 While the student
terminates as | Sequence - while x < 3: understands that
soon as the the student x=x+1 when the
condition doesn’t print(x) condition becomes
becomes false. | understand false, the loop will
that code is Student Answer: Only “2” is terminate, they
sequential printed. think the
and that Correct Answer: “2 37 is termination will
when a loop printed. happen instantly.
iteration The book
starts, the example has
entire loop students
will be determine the
executed. number of laps
that will be done.
10.5% of students
hold this
misconception
[15].
Book Example
7 lap_number =0
2 while lap_number < 3:
3 lap_number = lap_number + 1
4 print('Finished ' + str(lap_number) + ' lap(s)!")
5
6 print('Riding over!')

& What will be printed when this program runs?

Finished 1 lap(s)!
Finished 2 lap(s)!

Finished 3 lap(s)!
Riding Over!

&Incorrect. Remember the loop will continue to it's current execution even if the condition it checks becomes false

inside the loop.

Table 4.7: While loop misconception targeted in the While Loops book.




Chapter 5

Results

This chapter shows the results of the survey and examination. Due to time con-
straints, only the variables books (Variables and Variable Data Types) were used
in a classroom environment. These books, however, make up the majority of all

misconceptions targeted in this study.

5.1 Survey

A survey was conducted with 6th and 7th-grade students to get the general demo-
graphics of the students, their prior programming experience, and their opinions on
the Variables and Variable Data Types books. The survey students completed can
be referenced in Appendix B. The survey results also help test our first hypothesis
that the books provided an enjoyable means for children to learn about computer
science and increase their perceived knowledge of the learned concept. The survey

received 97 responses from children aged between 11 to 14 years old.

68



5.1.1 Previous Programming Experience

Students were asked the following question regarding their prior programming ex-
perience: How would you rate your previous experience with programming?. Most
students stated they have had minimal previous programming experience. Figure 5.1
shows the distribution of students’ self-rated prior programming experience, with the
plurality of students ranking themselves as two. Additionally, the median answer to
this question is two, which indicates that most children had little to no programming
experience. This lack of prior programming experience is significant to our study, as
it highlights the need for foundational programming instruction in elementary and

middle schools that CodeKids can provide.

Distribution of Prior Programming Experience

35 | 36.1% _
Median: 2.0
Std Dev: 1.12
30 _
u 25 4
=
(7]
=
2
o 20
—
[=]
[
2 15 A
E
=
=
10 A
7.2%
5 -
0 .
No Experience 2 3 4 Very Experienced

Programming Experience Level

Figure 5.1: A bar chart showing the distribution of students’ prior programming
experience. The median experience level is two, indicating that most students have
little to no experience.



When asked about previous programming languages students have used, 63.9% of
the responses indicated no prior programming language use. Of the children that
did have programming experience, Scratch (15.5%), Python (15.5%), Java (10.3%),
and Blockly (4.1%) were the most commonly reported. Figure 5.2 shows the number
of students who have used different programming languages. It is important to note
that children could select multiple languages, resulting in a total of 117 responses
for this question. Additionally, some students filled in blank or invalid responses
in the “Other” category, which were labeled as N/A. This figure also indicates the
significant lack of programming experience for most students, reinforcing the need

for platforms like CodeKids to introduce foundational programming concepts.

Programming Languages Students Used Before

Number of Students

Swift Playgrounds
Game Bulder Garage
N/A

0 10 20 30 40 50 60 70

Scratch I

Blockly [HID

Python NN

Java D
None
Hour of Code [P

B
[
S

Figure 5.2: A chart showing which programming languages and environments stu-
dents have used in the past. The majority indicated no prior experience. N/A
responses include blank answers and non-programming language responses.

Some other programming environments were also mentioned by students. Hour of

Code is a set of activities from Code.org that encourages children to code. Game



Builder Garage is an application for the Nintendo Switch that lets children make
video games and learn the basics of game design using visual programming. Lastly,
Swift Playgrounds is an app for the iPad and Mac that helps people learn how to

code and build apps using Swift.

Additionally, students were asked Are you interested in programming? and ranked
their interest on a scale of 1 to 5. 62.8% of students indicated they are at least
somewhat interested in programming, and 37.2% did not show much interest. This
suggests that despite the majority of students having little programming experience,
the majority of students are still open to learning how to program. Figure 5.3 shows
the distribution of students and their self-ranked programming interest. The plu-
rality of students indicated being somewhat interested in programming, and 21.6%
were “very interested”. However, the number of students showing little interest is
still significant and highlights potential challenges for the broader implementation
of computer science education in elementary and middle schools, as well as the chal-

lenges faced by platforms like CodeKids to foster interest in children.

Lastly, students were asked the following question: Have you used variables in pro-
gramming before reading these books?. T4.2% of students reported not having any
experience with variables in programming before using the books, as shown in Fig-
ure 5.4. This means that for the majority of students, these books were the first
exposure they had to variables in computer science. Again, this finding underscores
the importance of resources like CodeKids in broadening computer science education
in elementary and middle school classrooms and teaching computational concepts to

children.



Programming Interest of Students
30 1 29.9%

Median: 3.0
Std Dev: 1.39

254
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15

Number of Students
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Not Interested 2 3 4 Interested
Interest Level

Figure 5.3: A bar chart showing the students’ interest in programming. The median
response is three, indicating that the plurality of students have a moderate interest
in programming.

5.1.2 Python Tutor

Python Tutor is a tool utilized in the books to allow children to step through code
line by line and provide a visual representation of how a program executes and
manipulates variables. This tool can be specifically useful in helping students un-
derstand the dynamic behavior of code. Students were asked the following question:
How useful was Python Tutor to learn about variables?. The plurality of students
(33%) thought it was somewhat useful. Additionally, 38.1% of students leaned to-
wards more useful and 28.9% leaned more towards less useful. Overall, the scale of

students who thought Python Tutor wasn’t useful to students who thought it was



Have Used Variables

mYes m No

Figure 5.4: A pie chart showing the proportion of students who have used variables
in programming. 74% of students have not used variables before.

very useful is distributed fairly evenly, which can be seen in Figure 5.5.

This mixed feedback indicates varying levels of engagement and effectiveness that
students experienced with Python Tutor. While a substantial number of students
did find the tool helpful, a significant number did not, which suggests the tool is not
equally effective for all learners. This puts emphasis on the need to consider diverse

learning preferences and explore additional tools to better support student learning.

5.1.3 Opinions on Books

Students were asked the following question regarding their perceived difficulty of the
books: How difficult were the books?. The plurality of students (40.2%) thought
the books were somewhat difficult. A smaller proportion of students (13.4%) leaned

more towards the books being difficult, and the rest (46.4%) leaned more towards the



Python Tutor Usefulness
33.0%

Median: 3.0
Std Dev: 1.19

251

201

15

Number of Students

10

Not Useful 2 3 4 Very Useful
Usefulness

Figure 5.5: A bar chart showing the distribution of students’ perceptions of Python
Tutor’s usefulness in the books. The median response is three, indicating that the
plurality of students thought Python Tutor was moderately useful.

books being easy. Figure 5.6 shows this distribution of student perceptions regarding

the difficulty of the books.

This finding suggests the books strike a good balance in terms of difficulty for most
students. This aligns with the goal of the books to be moderately challenging but not
so challenging that students feel less motivated to learn computer science or so easy
that children become bored using the books. However, some students still found the
books to be too difficult, and a significant number thought the books were too easy.
This feedback suggests the need for more adaptive content relative to the students’

current knowledge.



Difficulty of Books According to Students
40 1 40.2%

Median: 3.0
Std Dev: 1.03
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Figure 5.6: A bar chart showing the distribution of how difficult the students thought
the Variables and Variables Data Types books were. The median response was three,
indicating the plurality of students thought the books were moderately difficult.

For the examples and activities in the books, students were asked the following
question: Did you like the examples/activities the books used?. Figure 5.7 shows
that 82.5% of the students stated they liked the activities. Some students went into
further detail explaining why they liked the activities. One student stated “I loved
them and they helped me better understand what the lesson was trying to tell me”.
Another stated how the activities helped them because the content is confusing on

its own “I liked them a little bit because is was a bit confusing”.

However, 17.5% of students didn’t like the examples and activities, with many de-
scribing them as boring or hard. One student wrote “Coding is super duper hard

and I don’t like it”, while another student expressed frustration with comprehension:



Did the Students Like the Book Examples and
Activities

mYes mNo

Figure 5.7: A pie chart showing the proportion of students who liked the examples
and activities in the Variables and Variable Data Types books. 82.5% of students of
students liked the examples and activities in the books.

“It wasn’t real easy for me to comprehend in my brain”. These comments high-
light the challenges some students face, which may stem from varying levels of prior

experience, interest in programming, and learning preferences.

5.1.4 Perceived Knowledge

Students’ perceived knowledge of variables was assessed before and after using the
CodeKids variables books. They were asked the following question: How would
you rate your knowledge of variables before and after reading the books?. Before the
books, 77.3% stated they had little or no knowledge of variables, while the remaining
students believed they had some or a lot of knowledge. After using the books 69.1%

of students believed they had at least some knowledge of variables. However, 21.6%



of students still believed they had little knowledge, and 9.2% still believed they had
no knowledge at all. Figure 5.8 shows the proportion of students who categorized
themselves in each knowledge rating before and after using the Variables and Variable
Data Types books.

Distribution of Perceived Knowledge Before and After Learning About Variables
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Figure 5.8: Distribution of students’ self-reported perceived knowledge of variables
before and after using the CodeKids variables books. (1 = No Knowledge, 2 = Little
Knowledge, 3 = Some Knowledge, 4 = A lot of knowledge)

To evaluate the statistical significance of the students’ change in perceived knowledge,
the difference between their perceived prior knowledge before and after using the
books was calculated for each student. Since the data is ordinal and the observations
are paired, a Wilcoxon Signed-Rank test was used to determine significance. The

hypotheses were:

o Null hypothesis Hy: The median difference in perceived knowledge is zero.

o Alternative hypothesis H4: The median difference in perceived knowledge is

greater than zero (knowledge increased).



This test showed a statistically significant increase in perceived knowledge after using
the books with a test statistic W = 262 and a p-value p < 0.001. This means there
is strong evidence that the children’s perceived self-knowledge of variables increased
after using the books. Figure 5.9 shows a box plot of this shift on a broad scale, and
Figure 5.10 shows the shift of perceived knowledge for individual students using a

paired dot plot.

While this isn’t an indication of actual knowledge, it demonstrates CodeKids effec-
tiveness in improving students’ confidence towards variables. However, the fact that
a significant number of students still reported little to no knowledge of variables
suggests that additional support and teaching strategies are needed to address the
needs of individual learners. This observation is important for refining the books

and ensuring they are effective for all students.

Perceived Knowledge of CS Variables
Before and After using CodeKids Books

4- o

Perceived Knowledge (1-4)

Befo re Affe r

Figure 5.9: A box plot of students’ perceived knowledge before and after using the
CodeKids Variables and Variable Data Types books.



Paired Dot Plot: Before vs After
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Figure 5.10: A paired dot plot of individual student’s perceived knowledge before
and after using the CodeKids Variables and Variable Data Types books. A green line
represents an increase and a red line represents a decrease in perceived knowledge.

5.1.5 Correlation of Age

Several tests were done to test the correlation between the students’ ages and dif-
ferent factors, including prior programming experience, programming interest, be-
lieving the books were difficult, liking the examples in the books, and prior use of
variables. Spearman’s rank correlation test was used to determine if there is a sig-
nificant relationship between age groups and these factors since this test is suitable
for ordinal data and measures the strength and direction of monotonic relationships.
Ages ranged from 11-14, with the majority (50) of the children being 12 years old and
the rest being 11 (26) and 13-14 (20) years old. For this reason, children were split
into three groups for the analysis: 11, 12, and 13-14, which all have a population

greater than five.

The following hypotheses were used for every test and its factor:

1. Null hypothesis Hy: There is no monotonic relationship between age and the



factor among 11-14 year old students (p = 0).

2. Alternative hypothesis H4: There is a monotonic relationship between age and

the factor among 11-14 year old students (p # 0).

For the previous use of variables, the Spearman correlation gave a weak positive
correlation that was close to significance (p = 0.18, p = 0.06). This suggests that
older students may have been slightly more likely to have used variables in the past,
but the relationship is not statistically significant. However, with a p-value close
to significance, it’s possible a larger data set could show a stronger relationship.
Figure 5.11 shows this relationship, and the proportions show a slight trend towards
older students, particularly those older than 11, possibly having more experience

with variables.

For the remaining correlation tests, all p-values were well above 0.05 with correlations
close to zero. This indicates there is no evidence of a correlation between age and
all the factors mentioned. Figure 5.12 shows several stacked bar charts of all these
tests. From these charts, it is noticeable that the proportions between age groups

are similar for all rankings.

These findings suggest age is not a strong predictor of students’ prior programming
experience, interest, or perceptions of the books. This implies the design of the books
is broadly applicable across the 11-14 age range without needing significant age-
specific adaptations. Instead, adaptations may be more necessary for the knowledge
level of a particular student. Additionally, the fact that older students are not more

likely to have prior programming experience has implications regarding meeting the



Prior Use of Variables by Age Group
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Figure 5.11: A stacked bar chart showing the relationship of age groups and whether
students had used variables before using the Variables and Variable Data Types
books. The Spearman correlation test indicated a slight trend of older students
being more likely to have used variables that is close to significance.

computer science learning standards. The students in this grade level should have
at least used variables by the fourth grade [16], and there is an expectation that
older students would have more programming experience than younger students if
the learning standards had been met. The implications of this will be discussed more
in Sub-section 6.1.1. It is evident these standards have not been met, highlighting
the need for more tools and platforms like CodeKids to teach computer science to

K-8 students.



Prior Programming Experience by Age Group

Interest in Programming by Age Group
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Figure 5.12: Stacked bar charts of all the Spearman correlation tests examining
the relationship between the students’ age and several factors. The factors include
prior programming experience, interest in programming, perceived difficulty of the
Variables and Variable Data Types books, and whether or not they liked the examples
and activities in the books. For factors ranked 1-5, 1 denotes a lesser ranking (e.g.
no programming experience or easy) and 5 denotes a higher ranking (e.g. very
experienced or very difficult).



5.2 Examination

The examination was given to 6th and 7th-grade students after they had used the
Variables and Variable Data Types books, and 115 students took the exam. The
exam contained multiple-choice questions with incorrect answers that targeted mis-
conceptions the books addressed. The exam can be referenced in Appendix A with
red text indicating the misconception targeted and the incorrect answer depicting

the misconception.

The proportion of students who chose the misconception answers was compared with
the proportion of students who held the misconception in the previous studies listed
in the literature review in Section 2.3. Additional misconceptions were also observed

regarding the string data type.

5.2.1 Exam Results Overview

The average score of the exam was 61.45% and the median was 61.11%. A t-test was
done to determine if there was a significant difference in results between 6th and 7th
grade students. The Shapiro-Wilk test gave p-values greater than 0.05 for both the
6th and 7th grade groups, indicating the data is normal. Levene’s test for equality
of variances gave p = 0.825, confirming the variances are not significantly different.

This means all assumptions are met and a t-test can be used.

o Null hypothesis Hy: There is no significant difference in the mean exam scores

between 6th and 7th grade (ug = pr).



o Alternative hypothesis H4: There is a significant difference in the mean exam

scores between 6th and 7th grade (ug # pr).

The t-test gave a high p-value (¢(113) = —0.027, p = 0.98), well above the significance
level (av = 0.05) which means we fail to reject Hy. Therefore, there is no significant
difference in scores between grade levels. In fact, this result indicates that the exam
scores between 6th and 7th grade are nearly identical. Figure 5.13 shows a box plot

of the test scores between grades.

Score Distribution by Grade
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Figure 5.13: Box plots of the score distribution by grade level. The distribution of
scores between grade levels is nearly identical.



5.2.2 Tested Misconceptions

The multiple-choice examination contained questions directly targeting variable mis-
conceptions from previous literature. These questions, along with the misconceptions
they targeted, can be seen in Table 5.1. Additionally, the overall results of the exami-
nation for each specific question targeting a misconception can be seen in Figure 5.14.
This figure shows the proportions of students who answered a question correctly, who
selected a misconception answer, and who selected a different incorrect answer for

every question targeting a misconception.

Variables Examination Results

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Q6 20.0% 37.4% 42.6%
Q7 13.0% 75.7% 11.3%
Q8 22.8% 63.2% 14.0%
Q9 60.5% 25.4% 14.0%
Q10 47.4% 39.5% 13.2%
Q11 18.6% 53.1% 28.3%
Q12 58.4% 23.9% 17.7%
Q12* 17.7% 23.9% 58.4%

H Misconception mCorrect ® OtherIncorrect

Figure 5.14: A stacked bar showing the proportion of students who selected the
misconception answer, correct answer, and other incorrect answers for questions
targeting misconceptions.

To compare our results with those of previous studies, the percentage of students

who answered the misconception answer in our study and previous studies was used



to conduct a two-tailed two-proportion z-test with a significance level a = 0.05. For
all tests, nip; > 5, n1(1 —p1) > 5, naps > 5, and ny(1 — pa) > 5 where p; is the
percentage of students in our study who chose a misconception answer, and ps is
the percentage of students in a previous study who chose a misconception answer.
This means the assumption for approximate normality was met for all tests, and the

two-proportion z-test is appropriate.

For every question that targets a misconception, the following hypotheses were used:

o Null hypothesis Hy: There is no significant difference between the proportion
of students who selected a misconception answer in this study and previous

studies (p; = po).

o Alternative hypothesis H4: The proportion of students who selected a mis-

conception answer in this study is significantly different from previous studies

(p1 # p2).

If the null hypothesis is rejected and fewer students chose the misconception an-
swer in our study, then it is determined that significantly fewer students formed the
misconception. Conversely, if more students in our study chose the misconception

answer, it is determined that significantly more students formed the misconception.

Table 5.2 displays the results of the two-proportion z-test of all questions with a
misconception. Of all the questions, two showed there was sufficient evidence that
significantly fewer students formed the misconception compared to previous studies.

For three of the questions, there is sufficient evidence that significantly more students



formed the misconception compared to previous studies. For the remaining questions,
there was no significant difference in the proportion of students who formed the

misconception compared to previous studies.

5.2.3 New Misconceptions

In addition to the misconceptions explicitly tested for, there were instances where a
significant proportion of students chose an incorrect answer in the quiz not targeting
a misconception, revealing new misconceptions. For Q5 in the exam, 25% of students
incorrectly identified “2024” as an integer, and 45.7% identified ‘False’ as a boolean
despite both being strings (in Python, strings can be written using double or single
quotation marks). This suggests many students have trouble recognizing strings

when the string represents a different data type in some situations.

Additionally, in Q6 42.6% of students chose an option where the quotation marks
are printed when printing a string. The exact example in the quiz is print(“Happy
Birthday”), and students chose the answer option that included the quotation marks
in the output. This shows another misconception students have with string data
types and print statements, as they don’t understand that the quotation marks are

excluded.

The Variable Data Types book in CodeKids does address both of these issues, al-
though they are not misconceptions that were specifically targeted. There is text in
the book explicitly stating that strings are always surrounded by single or double

quotation marks in Python. For the second misconception, where students included



the quotation marks in printed strings, there is also an incorrect answer for one of
the questions in one of the activities that includes the quotation marks of a printed
string. Despite these examples, it’s clear that a significant number of students still
formed these misconceptions regarding strings and likely need more practice recog-

nizing when a value is surrounded by quotation marks.



Question

Misconception

‘ Example code and misconception answer from the quiz

Q2

A variable is not stored inside the
computer.

A child can think it is stored in the monitor or not stored anywhere.

Q6

Summation on variable
assignment.

age = 10
age = 11
print(age)

Student says “21” is printed.

Q7

Variables can hold multiple values.

day_of month =7
day_of month = 8
print(day_ of__month)

Student says “7 8” is printed.

Q8

Variables are assigned expressions.

leap_ year = 2024
leap_ year = leap_ year + 4
print(leap__year)

Student says “leap__year 4+ 4” is printed.

Q9

Sequential execution of code.

hokie__score = 0

old dominion score = 0

difference = hokie score + old__dominion_ score
hokie__score = 37

hokie_score = 17

print(difference)

Student says “20” is printed.

Q10

A print statement that contains a
string value that happens to be a
variable name will print the vari-
able’s value.

soccer__score = 2
soccer_score = 3
print(”soccer__score”)

Student says “3” is printed.

Q11

Using the first or previously as-
signed value of a variable.

food_ price = 6
food_ price = 5
print(food_ price)

Student says “6” is printed.

Q12

Natural language semantics of a
variable’s name affects the vari-
able’s value.

big_number = 100

small_number = 1

big_number = small__number
print(big_number, small_number)

Student says “100 1” is printed.

Q12*

Variable assignment works in oppo-
site directions.

big_number = 100

small_number = 1

big_number = small__number
print(big_number, small__number)

Student says “1 100” is printed.

* This misconception was originally targeted in Q3 but one of the answer choices in Q12 better reflected the
misconception from Swidan et al. [15]

Table 5.1: Exam questions and the misconceptions they target.




Result

Reject Hp: fewer students in our study formed the mis-
conception compared to the study from Swidan et al. [15]
with 7-17 year old students (mean age 11) using Scratch.

Reject Hp: fewer students in our study formed the mis-
conception compared to the study from Swidan et al. [15]
with 7-17 year old students (mean age 11) using Scratch.

Cannot reject Hop: there is no significant difference in the
number of students who formed the misconception in our
study compared to the study from Zanko et al. [19] with
10-11 year old students using Python.

Cannot reject Hp: there is no significant difference in the
number of students who formed the misconception in our
study compared to the study from Swidan et al. [15] with
7-17 year old students using Scratch (mean age 11) and the
study from Zanko et al. [19] with 10-11 year old students
using Python.

Cannot reject Hop: there is no significant difference in the
number of students who formed the misconception in our
study compared to the study from Swidan et al. [15] with
7-17 year old students (mean age 11) using Scratch.

Cannot reject Hp: there is no significant difference in the
number of students who formed the misconception in our
study compared to the study from Zanko et al. [19] with
10-11 year old students using Python.

Reject Hp: more students in our study formed the miscon-
ception compared to the study from Zanko et al. [19] with
10-11 year old students using Python.

Reject Hp: more students in our study formed the mis-
conception compared to the study from Swidan et al. [15]
with 7-17 year old students (mean age 11) using Scratch.

Question Our Previous p-value
Study | Study
Q2 4.3% | 33.3%[15] p=28.63 x 1079
Q7 13% 42.9%[15] p=28.97 x 107
Q6 20% 18.9%[19] p=0.84
Qs 22.8% | 25.4%[15] p=0.63
21.9%[19] p=0.88
Q9 60.5% | 56.2%[15] p=0.49
Qi1 18.6% | 18.9%[19] p=0.96
Q10 47.4% | 33.68% [19] | p=0.04
Q12 58.4% | 20.6%][15] p=3.87x 1010
Q12* 17.7% | 3.9%[15] p=230x10"*

Reject Hp: more students in our study formed the mis-
conception compared to the study from Swidan et al. [15]
with 7-17 year old students (mean age 11) using Scratch.

* This misconception was originally targeted in Q3 but one of the answer choices in Q12 better reflected the
misconception from Swidan et al. [15]

Table 5.2: Exam questions and their p-values after performing a two-proportion z-
test to compare the proportion of students who selected the misconception answer

in our study to those in previous studies.




Chapter 6

Discussion

6.1 Survey Discussion

Our first hypothesis was that the storybook format CodeKids uses would be an
enjoyable format for the children to learn computational concepts and increase their
perceived knowledge of the concept they are learning. Based on the survey results
we received, we can confirm this hypothesis. The survey also gave valuable insight
into other important aspects, such as the children’s prior programming experience
and interest in programming. Additionally, we have identified potential areas where

the design of the books and tools used in the books could be improved.

6.1.1 Lack of Prior Programming Experience

The majority of students reported minimal to no prior programming experience,
despite the Computer Science Standards of Learning for Virginia Public Schools
indicating that students should be using block-based programming environments in
the second grade [16]. This lack of experience is shown in Figure 5.1 and Figure 5.2

as most students ranked themselves as having minimal to no experience, and the

91



majority stated they have never used a programming language before. Given that
the Virginia state learning standards recommend students be introduced to block-
based programming in the second grade [16], this finding is noteworthy since the
students in our study are in the 6th and 7th grades. Additionally, the finding that
74% of students have never used variables - depicted in Figure 5.4 - is contradictory
to the learning standards, which state students should learn variables by the fourth

grade.

Another notable observation is that older students are not more likely to have
experience programming than younger students. The Spearman correlation test
between the different age groups did not show a significant correlation in their
prior programming experience (p = —0.029, p > 0.05) or prior use of variables
(p =0.188, p > 0.05), suggesting age alone is not a determining factor in prior pro-
gramming experience. Figure 5.11 and the “Prior Programming Experience by Age
Group” chart in Figure 5.12 visualize the similar proportions between age groups.
This contrasts with the theoretical expectation that older students would have more

experience programming if schools were meeting the learning standards.

Despite this lack of experience, most students are at least somewhat interested in
learning how to program, as depicted in Figure 5.3. Not only does this show that
current teaching practices are falling behind the learning standards, but they are
also failing to meet the students’ interest in computer science education. Systemic
factors such as unequal access to resources, teacher training gaps, and curricular
inconsistencies among schools could contribute to this. It also emphasizes the need

to prioritize computational thinking earlier in children’s education. Doing this will



not only help schools meet the educational standards but also help children develop

the necessary thinking skills in today’s technology-driven world.

While addressing these systemic factors is theoretical and is out of the scope of this
paper, it does highlight the need for equitable access to programming resources,
teacher training, and age-appropriate curricula. Future work could investigate the
reasons why few students have significant programming experience, and CodeKids
and other educational resources could be further adapted to address any of these
factors that may be preventing students from receiving a computer science education

in elementary and middle school.

6.1.2 Use of Program Visualizations

Program visualizations, such as Python Tutor, allow students to visualize program
execution and are a form of multimedia learning. These tools can be used in education
to help students understand complex concepts, such as variable manipulation. It
was hypothesized that integrating Python Tutor in the books would help children
better understand variables and dispel the common misconceptions associated with
variables, especially ones related to their manipulation and the sequential execution
of code. However, the students’ perception of Python Tutor is mixed, as shown in
Figure 5.5. This suggests that Python Tutor in its current form is not useful for
many students to learn about variables, though more study is needed to measure

learning gains.

Several factors can play into this mixed perception. For one, the implementation is



limited by technical constraints. Because Python Tutor can only be embedded using
iframes, it is difficult to modify or interact with Python Tutor’s state from the main
website. For example, we cannot stop the students from skipping Python Tutor and
going to the next page before reaching the end of the program because we don’t
know where the user is in the visualization. We also cannot ask questions at specific
points of the code because we don’t know when the student hits the “Next” button
or which line of code they are on. These limitations reduce the tool’s effectiveness

as an interactive learning aid in CodeKids.

Overall, the current implementation of Python Tutor as a program visualization
in CodeKids does not seem useful for many students, despite the advantages that
program visualizations can have in computer science education. Future work should
explore ways to make program visualizations more interactive, such as embedding
questions or prompts at key points in the code’s execution. Doing so will likely
be more engaging for students since it will allow them to respond to the material
instead of passively absorbing it [5]. Additionally, further studies should be done
that directly investigate the usage of program visualization tools on young learners
and the best practices for designing these tools. These efforts can positively impact
and transform the teaching practices and learning outcomes for young students in

computer science.



6.1.3 Perceptions of Books

Students generally expressed positive perceptions of the books and their activities.
As shown in Figure 5.7 and Figure 5.6, the majority of students found the books’
examples and activities enjoyable, and a plurality of students rated the books as
somewhat difficult. This indicates a balanced difficulty that is not overly challenging
or too simplistic. However, a notable number of students perceived the books as
“easy”, and a smaller group rated them as “very difficult”. This suggests that while
the books were an appropriate difficulty level for many students, there is room to

accommodate students at both ends of the knowledge spectrum.

Statistical analysis showed there is no correlation between the age of the students and
how difficult they perceived the books (p = —0.097, p = 0.345) or their enjoyment
of the examples and activities (p = —0.162, p = 0.115). This can be seen from
the “Difficulty of Books by Age Group” and “Liked Examples and Activities by Age
Group” charts in Figure 5.12. This indicates the books’ difficulty was perceived
similarly across the age ranges of 11-14 years old, and the books’ design, including
content, pacing, examples, and activities, catered equally well to the students across
this age group. This finding demonstrates that the books are broadly applicable

within this age group without requiring major age-specific adaptations.

These findings highlight the books’ overall success in engaging the students while
also showing opportunities for improvement. Future work could look to incorporate
adaptive elements to address the learning needs of particular students. For example,

questions could be generated or chosen for specific students based on how well they



have answered questions in the past. This would allow for more difficult questions to
be created for students who show more knowledge and simpler questions for students
with less knowledge. Additionally, it could be worthwhile to explore further how
different age groups perceive the difficulty and enjoyment of the books. This could
be done by letting younger elementary school students and older high school students
use the books to see how perceptions of difficulty and enjoyment shift across a broader
age range. Such studies could provide deeper insights into how to effectively design

educational materials for specific age groups.

6.1.4 Perceived Knowledge and Self-Efficacy Regarding Vari-

ables

It was hypothesized that the CodeKids books would increase the students’ perceived
self-knowledge towards variables. Based on our statistical analysis of how the stu-
dents ranked their knowledge of variables before and after using the CodeKids books,

we can confirm this hypothesis (W = 262, p < 0.001).

The results indicate a notable increase in perceived knowledge with the majority of
students ranking their perceived knowledge by at least one more rank, which can be
seen in Figure 5.10. This suggests the books were effective in helping students con-
ceptualize variables in a meaningful way and boost their confidence in understanding

the topic.

However, while perceived knowledge did increase among students, it’s important

to acknowledge that perceived knowledge does not always reflect actual knowledge.



Overconfidence can lead students to believe they understand a concept more than
they do. This was a known limitation when creating the survey and highlights the
need for additional assessments to measure actual learning outcomes of the students.
Based on the exam results and the comparison of misconceptions rates, it is evident
that students still have misunderstandings, particularly regarding the manipulation
of variables, and a long-term study will need to be completed to determine the learn-
ing outcomes of variables compared to the original instructional material. Future
work should combine the self-reported knowledge with objective measures of knowl-
edge to give a more comprehensive understanding of the books’ impact on student

knowledge of computational concepts.

Despite this limitation, perceived knowledge can still be valuable in learning. An
increase in perceived knowledge can help increase the motivation and engagement of
students and encourage further learning of the material [14]. Students may also be
more confident in pursuing future challenges, particularly when they begin learning
about conditionals and loops. Overall, the increase in perceived knowledge could in-
crease students’ self-efficacy, which is often correlated with better learning outcomes

18].

6.2 Examination Discussion

In our second research question, we aim to compare the misconception rates among
students using these digital books to the rates of prior research studies and determine

possible factors that could contribute to observed differences (or lack thereof). As can



be seen in Table 5.2, for many of the questions, there wasn’t a significant difference.
However, there were still three questions where significantly more students formed
the misconception and two where significantly fewer formed the misconception. Of
the two questions where significantly fewer students formed the misconception, both
had to do with the general definition of variables as storage spaces. This suggests that
the books were good at conceptualizing the general concept of variables for children,
but they still struggle with their manipulation in code. This observation is consistent
with findings from Luo et al. [9], who observed with 4th grade students that students
recognized variables as storage spaces but struggled to operate on them. In contrast,
of the three questions where significantly more students formed the misconception,
all three were related to how variables can be manipulated in code, including using
the previously assigned value, the natural language semantics of the variable affecting

its value, and variable assignment working in opposite directions.

While findings suggest the books are good for conceptual knowledge, there is no
immediate evidence to suggest they helped prevent the formation of misconceptions.
A longer-term study is necessary to assess whether the books affect misconception

formation rates compared to the teacher’s current instructional material.

6.2.1 Possible Factors that Contributed to the Formation of

Misconceptions

There are several factors and limitations identified that could potentially explain the

results obtained. Particularly for those misconceptions where there is no significant



difference or significantly more children who formed the misconception.

Environment of Previous Studies

The study by Swidan et al. [15] wasn’t conducted in a traditional classroom setting.
Instead, it was done at a science museum where children were asked to join the exper-
iment. Additionally, they filtered out students who did not have prior programming
experience or who appeared to be guessing answers. This means all of the students in
their study had previous experience in programming, meanwhile the majority of our
students had little to no experience. We also don’t know which students could have
been guessing during the examination, so filtering them out is impossible. Lastly,
their study had a significant number of students who were 14 or older, while the

majority of our students were 11-13 years old.

The study by Zanko et al. [19] was done in a traditional classroom setting similar to
ours. They also stated that the students in their study had no prior programming
experience. However, their in-class study time was four weeks while our time was
two weeks. This difference in time could have given the students in their study more
time to learn the material and perform better than our students. However, their
students were slightly younger than ours, with all of their students being 10-11 years
old.

As noted before, in the future a more robust study will need to be conducted to
determine if the books lessen the proportion of students who form misconceptions.

These discrepancies with previous studies highlight this need.



Python Tutor Implementation

The limitations of Python Tutor in CodeKids were discussed in Subsection 6.1.2.
These limitations could have negatively impacted Python Tutor’s capability to pre-
vent the formation of misconceptions. As noted before, a new tool should be made
that addresses these limitations and allows the integration of questions during the
program’s execution. Doing so will give the opportunity for students to respond to
the program visualization instead of passively absorbing the information, and it is
believed that having more interaction with a program visualization increases learning
outcomes [5]. Research should also be done on the effects of program visualization
tools on young learners to inform design choices when creating such tools. Doing so
could not only prevent the formation of misconceptions for advanced topics like vari-
ables, but also transform the teaching practices currently used to teach K-8 students

computer science.

Impact of Pass/Fail Grading

The teacher mentioned they are not able to grade student assignments on a tradi-
tional A-F scale. Due to the school’s policy, they can only give students a passing
or failing grade, which is only dependent on completion of the exam and not the
student’s score. While the pass/fail grading scheme could have potential learning
benefits, this grading practice could still have negatively affected this study since
students may not have felt motivated to try and do well on the test. Butcher et al.

[2] noted that instructors felt their students’ motivation and effort were lower in



their first-semester pass/fail classes and that letter grades of first-semester students
declined 0.13 grade points compared to first-semester students in previous years (the
0.13 decline was calculated based on the letter grade the first-semester students
would have received if the class wasn’t pass/fail). Although this study was done
for college-level students, these types of negative effects could still cascade down to
younger students’ motivation and effort and result in lower exam performance than

if a traditional A-F grading scale were used.

Unfortunately, this isn’t an issue we can remedy currently since this decision was
made by the schools, and determining if the pass/fail grading scheme affects exam
scores is out of the scope of this study. In future studies, we could look for schools
that follow a traditional grading scheme to ensure this variable isn’t a contributing

factor in the formation of misconceptions.

No Post-Book Assessment

Currently, the only way for students to test their knowledge of the topic they are
learning is with the per-page questions they answer in the books. These questions
give explanations for wrong answers, but it is still possible for the students to click
answers until they get the correct one and brute force their way through the books
without meaningfully connecting with the content. Although we did not collect
interaction traces to confirm this, since students were not required to create accounts
for this study, this behavior is still a concern, as such behavior could lessen the effect

of preventing the misconceptions that the books target.



While the post-intervention examination offers a summative assessment of student
understanding, it does not provide real-time feedback during the learning process.
To address this, we could integrate brief post-book quizzes for students to take at
the end of each book that assess students’ conceptual understanding. These quizzes
could offer personalized review suggestions based on a student’s performance and
encourage them to revisit concepts if necessary. Additionally, future books could be
locked until the student has the necessary prerequisite knowledge to continue with
more concepts. This system could also give teachers insights into the topics and
misconceptions their students are struggling with the most by providing them with
analytics of the questions students get wrong most frequently. Overall, this approach
would enhance CodeKids’ role as a learning tool and formative assessment resource

for educators.

6.2.2 Correlation Between Score and Grade Level

Statistical analysis of the student exam scores and their grade levels showed no sig-
nificant correlation. Students from 6th and 7th grade performed similarly, indicating
grade level was not a determining factor when learning about variables. This finding
is notable, as it suggests older students did not demonstrate a measurable advan-
tage over younger students when learning a complex computational concept such as
variables. It also means students are well behind the Virginia computer science learn-
ing standards and further supports findings discussed in Subsection 6.1.1. By sixth

grade, students should be able to write programs with nested conditional control



structures, which is well beyond the understanding of variables [16].

This also suggests that conceptual understanding of programming concepts, such
as variables, may be more dependent on previous exposure to the topic than the
age and development of the students. This further emphasizes the importance of
exposing children to computational concepts at a younger age. Future work could
look more into comparing students’ understanding of computational concepts of those
who have had previous exposure to those who haven’t. Additionally, future studies
could investigate whether different forms of assessment, such as coding exercises and

multiple-choice quizzes, reveal score differences across grade levels.

6.3 Teacher Perception of the Books

As mentioned in Sub-section 3.1.3, a K-8 educator reviewed each of the books and
provided feedback on their design. Overall, the reception of the books was positive
and highlighted their accessibility, pedagogical clarity, and student engagement. The
teacher praised the “Read to Me” feature of the books, which allows students to click
on a sentence in the book and have it be read to them, and is meant to make the
books more accessible. It was noted by the teacher that many digital learning tools
don’t include audio support, which can be disengaging for students who struggle to

read. This made the feature in CodeKids encouraging for the teacher.

The teacher also appreciated the feedback given to students for incorrect answers,

and cited it as being great for guiding students to the correct answer. They also



mentioned that the feedback given is detailed and educational, offering students a
pathway for understanding rather than a simple correction. Furthermore, the teacher
considered the vocabulary and explanations of the books to be age-appropriate and
clear, supporting students’ conceptual understanding of computer science terms like

“variables”, “logical operators”, and “flow of execution”.

The design and interactivity of the books were also praised, with the teacher stating
the visuals were bright and bold, and the exercises were intuitive and engaging. In
the Life of Moose book, the teacher stated students will love to learn about Moose
and that it is a “great way to engage students upon opening this book”. Lastly, the
teacher noted how the books aligned well with the Computer Science Standards of

Learning for Virginia Public Schools [16].

While the teacher gave some suggestions for simplifying terminology and navigation
between books, the overall sentiment was that the CodeKids platform was an en-
gaging way for students to learn computer science. However, these are the opinions
of a single teacher, and more K-8 educators should review the books to get a more

diverse outlook on them.

6.4 Limitations of Study

While these digital books were designed to prevent the formation of misconceptions
for children learning computer science, we can not conclusively determine if these

books had any effect on the rates of misconception relative to their current instruc-



tional material. Currently, we can only compare our results with those of previous
studies. Future long-term studies can better analyze the books and their effect on
student learning outcomes. Doing so would mean having a control and experimental
group to determine if the books help prevent students from forming misconceptions
compared to the material they currently use to learn computer science. Conducting
a longer-term study would also allow us to use more of the books in Chapter 4,

including the conditional and loops books.

Additionally, potential biases are present in the study. For one, convenience sampling
bias is potentially present since the books were used in a single middle school with a
specific STEM teacher, which is not representative of broader student populations.
This study also assumes students had minimal to no prior programming experience.
While the survey confirms most do not, students with prior experience may have had
an advantage in understanding the material and skew perceptions of difficulty and
learning outcomes. Lastly, survey response bias could have contributed to students
overestimating or underestimating their programming experience, interest, and per-
ceived knowledge. Students could have also answered in ways they thought were

expected rather than reflecting their true opinions.



Chapter 7

Conclusion

In this study, we introduced a website called CodeKids to teach children computer
science concepts using an interactive digital storybook format. While the platform
hosts a variety of books covering multiple computer science concepts, this study
focuses on several books that were created to target common misconceptions K-8
students form when learning the computational concepts of variables, conditions, and
loops. We aimed to observe how the students interact with books and if the students
enjoyed learning from these books. We also wanted to compare the misconception

rates of students using our books to the rates of previous studies.

7.1 Key Findings

In terms of how the children perceived the books, we can conclude from our survey
that the students found the CodeKids platform to be an enjoyable medium to learn
computer science from, with 82.5% of students indicating they enjoyed the activities
and examples in the books and most students believing the books were not too dif-

ficult. A significant number of students also believed their knowledge of variables
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increased after using the books, which could help motivate students to learn more
about computer science. Still, there are a significant number of students who be-
lieve the books were too difficult or too easy, and it’s important to design ways to

accommodate these students.

The survey results also gave other valuable insights. For one, the vast majority of
students had no or little prior experience in programming, and about three-quarters
of students have never used variables before, despite the Virginia learning standards
recommending students use variables by the fourth grade. This highlights the need
to ensure schools have the resources to meet the learning standards and expose
children to computer science at an earlier age. Additionally, the age of the students
played no determining factor for any aspects of the children’s perception of the
books or programming experience. This suggests the books were designed well for

this particular age group.

As for the examination, age also didn’t play a determining factor. The grades of
students between 6th and 7th grade were virtually identical. The exam also didn’t
suggest that children may be less likely to form the common computer science mis-
conceptions that the books were created to target. For most of the variable mis-
conceptions targeted, there was either no difference in the number of students that
formed the misconception or significantly more students formed the misconception
compared to other studies. Several potential factors were identified that could con-
tribute to these results, including the environment of other studies, Python Tutor
limitations, and the classroom grading scheme. Ultimately, though, a longer-term

research study will need to be conducted to determine if the books help prevent the



formation of the misconception that compares the books to the current materials

they use to learn computer science.

7.2 Contributions to the Field

This study contributes to the growing body of research into K-12 computer science
education. It introduces a novel way to teach computer science to children through a
digital storybook medium and demonstrates the feasibility of creating this medium.
This format proved to be an enjoyable format for children to learn computer science,
however, misconceptions rates remained largely persistent and consistent from previ-
ous studies. It underscores the challenges of addressing misconceptions still faced by
young students and the importance of designing tools that actively engage students
in the learning process. Such tools could include program visualizations that allow

for more interaction by students by answering questions during their execution.

This study also further exposes the discrepancies between the learning standards
set out for schools and students’ actual knowledge. While the specific reasons for
this have not been identified by this study, it does highlight the gap between ex-
pected learning outcomes and students’ understanding. Considering many students
expressed interest in programming, this gap may be hindering their progress. This
contributes to the ongoing discussion on how to properly incorporate computer sci-
ence education into K-8 education that is accessible and aligns with educational

standards.



While the CodeKids platform shows promise as an engaging and accessible tool for
teaching computer science to children, further research is needed to optimize its
effectiveness in reducing misconceptions and supporting diverse learners. Overall,
this study helped lay down the foundation for future efforts to design and evaluate

digital learning tools that help K-8 students succeed in computer science education.

7.3 Future Work

Future work should conduct a long-term study comparing CodeKids to the tra-
ditional instructional material used by the school, using control and experimental
groups. Doing so, we can compare how effective the CodeKids books are in teaching
computer science to students compared to the instructional material they currently
use. Because elementary and middle school teachers typically retain the same stu-
dents throughout the year, classrooms (instead of semesters) would likely serve as
the units of comparison. Ideally, multiple classrooms at the same grade level across
different schools or within a large school could be randomly assigned to either the
control or experimental groups. This study would help us more definitively compare
student outcomes, such as conceptual understanding and misconception rates, and

also offer stronger evidence of the educational impact of CodeKids.

The perceptions of more K-8 educators on the books should also be worked on in
the future. Currently, the books have been reviewed by only a single teacher. A
survey should be given to more K-8 educators to assess aspects such as clarity of

explanations, engagement, accessibility, and perceived impact on student learning.



Doing so will give us more diverse opinions on the books we can use to further

enhance the design of the CodeKids platform.

Additionally, future research should be done on how to design program visualization
tools that are more interactive and adaptive than Python Tutor. Python Tutor’s
limitations and mixed reception among students support this need. Program visu-
alizations have the potential to transform how computer science education is done
in K-8 classrooms, and understanding how to best design them for young learners
is critical. A good first step would be to ask questions at specific points in the
code, which would allow students to actively engage with the visualization. Not only
could this help computer science education overall, but also help reduce the common

misconceptions.
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Appendix A

Variables Examination

Q. 1 What is a variable in programming?

O a. A number that stays the same throughout a program.
O  b. A part of the computer that changes how fast it can run.
o

c. A place to store data in a program.

O

d. A command that forces the computer to display a message.

Q. 2 Where is a variable stored? A variable is not stored inside the computer.

® a. Computer’s memory
O  b. Computer’s monitor
O  c¢. Computer’s keyboard

O d. It is not stored anywhere
Q. 3 Which of these is the wrong way to assign a variable named state? Variable assign-

ment works in opposite direction.

a. state =6
b. state = “Virginia”

c. “Virginia” = state

O
O
[
O  d. state = True

Q. 4 What do each of these data types represent? Choose one option per row.
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A Sequence of letters. | Any whole number. | A True or False value
Integer O o O
String (] O O
Boolean O O [

Q. 5 Match the data with its data type. Choose one option per row.

Integer String Boolean
2024 o O O
“2024” O o O
True O O o
“Hello” O (] O
‘False’ O () O




Q. 6 What is printed by this code? Summation on variable reassignment.

1 age = 10

2 print ("Happy birthday!")
3 age = 11

4 print (age)

Happy birthday!

O

21

Happy birthday!
o

11

"Happy birthday!"
O

11



Q. 7 What is printed by this code? Variables can hold multiple values.

1 day_of_month = 7

2 print("It's the next day!")
3 day_of_month = 8

4 print (day_of_month)

O It's the next day!

It's the next day!

8

It's the next day!

7 8



Q. 8 What is printed by this code? Variables are assigned expressions.

W~

leap_year = 2024

print ("When is the next leap year?")

leap_year = leap_year + 4

print (leap_year)

When is the

leap_year +

When is the

2024

When is the

2028

next leap year?

4

next leap year?

next leap year?




Q. 9 What is printed by this program? Sequentiality of code.

w37

Virginia Tech Hokies

17

Old Dominion Monarchs

1 hokie_score = 0

2 o0ld_dominion_score = 0

3 difference = hokie_score -

4 print ("The game has finished!")
5 hokie_score = 37

6 0ld_dominion_score = 17

7 print(difference)

old_dominion_score

The game has finished!

o

0

The game has finished!
O

20

The game has finished!
O

54




Q. 10 What is printed by this program? Print statement contains a string value that

happens to be a variable name.

1 soccer_score = 2
2 print ("Goall!!")
3 socer_score = 3
4 print ("soccer_score')
Goal!!!
O
3
Goal!!!
o

soccer_score

Goal!!!

ll3ll




Q. 11 What is printed by this program? Using the first or previously assigned value of a

variable.
1 food_price = 6
2 print ("$1 off!")
3 food_price =5
4 print (food_price)
$1 off!
O
6
$1 off!
O
food_price
$1 off!
o

5



Q. 12 What is printed by this program? Natual language semantics of a variable affects

the variable’s name.

1 big_number = 100

2 small_number = 1

3 big_number = small_number

4 print ("Big number: " + str(big_number))

5 print ("Small number: " + str(small_number))

Big number: 100

O
Small number: 1
Big number: 1

@)
Small number: 100
Big number: 1

o

Small number: 1



Appendix B

Survey

What is your age? *

Your answer

How would you rate your previous experience with programming? *
No Experience = O O O O O Very Experienced &

Which, if any, of these programming languages have you used before? *

|:] Scratch
(] Blockly
D Python
(] Java
D None
(O] other:

Are you interested in programming? *

No & O O @) O O Yes! &
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Have you used variables in programming before reading these books? *

O Yes
O No

How useful was Python Tutor to learn about variables? *

Python 2.7 [unsupported Print output (drag lower right corner to resire]
12
# Here, nusber is initially assigned to 1@ i@
2 number = 18
print{number)
Frames Objects
# Here, number iz reassigned to 20 Global Freme

number = 28 B 20
number

# Since nusber was reassigned, the first value of 18 is lost
# and number is now 20

print{number)

Edit Code & Get Al Helo
line that just executed

= ret line 1o execute

« Prev

Dane running (4 steps)

1 2 3 4 5

Not Useful & O O O O O Very Useful &

How difficult were the books? *

Easy! & O O O O O Very difficult &



Did you like the examples/activities the books used? *

W abways read the code from top to bottormn. The line numbers hawe been provided. (Yellow column)

syracuse_score = 10

1

2 hokies_score = 38 - 1

] dﬂ::;!l‘hﬂlm!-ml(m_ﬂm therapy_dag_left— Derek

S e therapy dog_middle = 'Epcot’
P svor=au therapy_dog_right = “Josie"

O vYesl @
O No. &

If you didn't like the activities, can you please explain why?

Your answer

How would you rate your knowledge of variables before and after reading the *
books?

No knowledge Little knowledge Some Alot of
20 a0 knowledge = knowledge =

Knowledge of

variables before

reading the O O O O
books.

Knowledge of
variables after
reading the O O o O

books.
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IRB Approval Letter

Division of Scholarly Integrity and
Research Compliance

Institutional Review Board

North End Center, Suite 4120 (MC 0497)
300 Turner Street NW

Blacksburg, Virginia 24061
540/231-3732

ih@vt.edu
hitp://www.research.vi.edufsirc/hrpp

MEMORANDUM

DATE: December 5, 2023

TO: Sally Hamouda

FROM: Virginia Tech Institutional Review Board (FWAQD000572)
PROTOCOL TITLE:  CodeKids

IRB NUMBER: 23-1266

Based on the submitted project description and items listed in the Special Instructions section found on
Page 2, the Virginia Tech Human Research Protection Program (HRPP) has determined that the
proposed activity is not research involving human subjects as defined by HHS and FDA regulations.

Further review and approval by the Virginia Tech Human Research Protection Program (HRPP) is not

required because this is not human research. This determination applies only to the activities

described in the submitted project description and does not apply should any changes be made. If
changes are made you must immediately submit an Amendment to the HRPP for a new determination.

‘Your amendment must include a description of the changes and you must upload all revised

documents. At that time, the HRPP will review the submission activities to confirm the original "Not

Research" decision or to advise if a new application must be made.

If there are additional undisclosed components that you feel merit a change in this initial determination,

please contact our office for a consultation.

Please be aware that receiving a "Not Research” Determination is not the same as IRB review and
approval of the activity. You are NOT to use IRB consent forms or templates for these activities. If you
have any questions, please contact the Virginia Tech HRPP office at 540-231-3732 or irb@vt.edu.

PROTOCOL INFORMATION:

Determined As: Not Research
Protocol Determination Date: December 5, 2023

ASSOCIATED FUNDING:

The table on the following page indicates whether grant proposals are related to this protocol, and

which of the listed proposals, if any, have been compared to this protocol, if required.

invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative aclion institution
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IRB Number 231266 page 2 of 2 Virginia Tech Institutional Review Board

SPECIAL INSTRUCTIONS:

This activity does not meet the federal definition of research. The purpose of this study is to help Floyd
Elementary school teachers introduce coding to kids through Codekids Website and gain feedback
from the students and the teachers to enhance the performance of the tool. The results will be used to
develop the program further and will not be generalizable, therefore this is not considered research.
***Please note, this determination only covers the activities described in this determination
submission. Any future plans to further analyze or compare will need to be submitted and approved by
the HRPP office before analyses or comparisons can occur.

Date* OSP Number Sponsor Grant Comparison Conducted?

If this protocol is to cover any other grant proposals, please contact the HRPP office (irb@vt.edu)
immediately.
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